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The Universal Glass Working Lathe here 
illustrated is the finest lathe yet made. 


All the features glass blowers require 
are included in its specification. 
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May we send you details of this and our full range of lathes and equipment ? 


The Heathway Machinery Co Ltd 


UXBRIDGE ROAD, HILLINGDON, MIDDLESEX. Uxbridge 6345/6. 
Agents in the U.S.A. and France 

Richoux Co. Inc., 1133 Broadway, New York 10, N.Y. 

Ets. L. Richoux, 22 Cité Trévise, Paris 9e. 
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HERE IS A VACUUM SYSTEM 
THAT CAN BE IN A DOZEN 
PLACES — AT ONCE! 


The “SPEEDIVAC” multi-point pipeline units 
consist of a central high-speed vacuum system 
complete with automatic controls and special 
valves and capable of ‘piping’ vacuum to a dozen 
or dozens (depending upon size of building) 
of different departments. 


The new “SPEEDIVAC” pipeline units 
are complete with twin pumps operating 
alternately or together depending upon 
the number of points in action. Vacuum 
switches set to pre-determined limits 
ensure automatic control, and _ isolation 
valves in the system enable leak detection 
to be carried out on faulty parts of the 


pipe. 

































A twin-pump system with 
automatic controls capable 
of serving up to 150 points. 


EDWARDS HIGH VACUUM LTD., manor RovAL, CRAWLEY, SUSSEX, ENGLAND . Crawley 1500 
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“The Infrared Spectrum.-.----------”” 


“ The infrared spectrum of a chemical compound is probably the 
most characteristic physical property of that compound.’’* 
From this fact has grown to-day’s dependence on infrared 
analysis for rapid, complete information on the structure and 
composition of nearly all chemical compounds. 

A parallel development in infrared instrumentation has 
reached its peak in the Unicam SP.100 Infrared Spectrometer 
which offers a unique combination of performance and utility. 
Both technical and commercial management in many fields 
have been quick to recognise a powerful tool in the search for a 
better product—or a better way of making existing ones. 

Write for a detailed description of the SP.100 Spectrometer 
and for a copy of a new leaflet “Economics of Infrared” 
which indicates some of the ways infrared spectroscopy can 
help a lively business keep ahead. 


* G. B. B. M. Sutherland and H. W. Thompson, Faraday Society Transaction, 41 175 1945 


SP.100 Infrared Spectrometer 
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READING GERMAN FOR SCIENTISTS 
by 
HANS EICHNER & HANS | HEIN 
B.A., Ph.D. 

218 pages 30s. net 
This book has been designed to serve the needs of those who want to be able to read German 
scientific texts and wish to reach this limited aim by the shortest route. It differs, therefore, 
from the usual grammars in several ways. The reader is introduced to the written language 
and the main emphasis is placed upon those aspects of grammar that must be known if one is 
to og aaa while those that are only needed to speak or write it correctly are passed 
over lightly 




















RESEARCHES IN GEOCHEMISTRY 
Edited by 
PuiLie H. ABELSON 


(Director, Geophysical Laboratory, Carnegie Institution of Washington) 
A JOHN WILEY BOOK 
521 pages Illustrated 88s. net 
Twenty-five authorities in their respective fields review the present status of research in the 
area of inquiry and describe in detail the results of their own researches. New developments 
in nuclear geology in the United States are included in what is altogether a most comprehensive 
review of the subject. 
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-HEAT- BY - THE - YARD 


Do you need a heating tape just a little 
longer . . . or a little bit shorter than a 
standard size Electrothermal Heating Tape? 
Now your problem is solved with ‘HEAT-BY- 
THE-YARD’, the new surface heater. 
Available from all Laboratory Supply Houses 

in lengths of 25 and 50 ft., you simply cut 

the length you require from the dispenser. 
Tapes may be re-used many times on 

different set-ups. 


MADE BY THE ORIGINATORS OF 
HEATING TAPES 


lliustration shows *Heat-by-the-Yard’ applied to a distillation 
column in the laboratories of Whiffen & Son Ltd. 


Please request Leaflet No. N2961/1 


© Electrothermal 


ELECTROTHERMAL ENGINEERING LTD 


270 Neville Road, London, E.7  Tel.: GRA 9911 ? Whiffen & Soo Lid. 
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NUCLEAR DISARMAMENT 


T would be an exaggeration to describe the debate 
| on nuclear disarmament in the House of Lords on 
February 11 as a dissertation on Lord Russell’s book*, 
but seldom have so many speakers in a debate referred 
wo freely to a single book. The motion under debate 
was primarily concerned to discourage further Powers 
fom manufacturing or owning nuclear weapons, and 
to this end Lord Simon of Wythenshawe proposed 
that Britain should cease herself to manufacture 
nuclear weapons and should destroy her stocks, pro- 
yided other industrial nations except the United 
States and the U.S.S.R. themselves undertook not to 
own, manufacture or use such weapons. The United 
Nations would be asked to accept responsibility for 
inspection and enforcement, and the United States 
and the U.S.S.R. would be urged to help the United 
Nations and to undertake not to supply nuclear 
weapons to another country. 

Lord Russell himself supported the motion, but 
put it in the larger context which his book supplies, 
and stressed the tendency to under-estimate the evils 
that would result from a really serious nuclear war. 
That is the starting point of his argument: these 
evils are so great that national self-interest itself 
demands the avoidance of nuclear war. A large-scale 
nuclear war would be an utter disaster to all man- 
kind, including the belligerents, and would achieve 
no result that any sane man could desire. There is, 
moreover, considerable risk that a small war may 
develop into a great war, and even if existing 
nuclear weapons had been destroyed and there were 
an agreement that no new ones should be manu- 
factured, any serious war would become a nuclear 
war as soon as the belligerents had been able to 
manufacture the forbidden weapons. 

Thus far, Lord Russell can fairly claim to be 
writing common sense on nuclear warfare, though 
experience in regard to gas warfare seems to in- 
validate his last point. It was, nevertheless, made in 
the Vienna Declaration adopted by the participants 
in the Third Pugwash Conference at Kitzbuhel and 
Vienna in September 1958, as was noted in the 
debate in the House of Lords, and it must be con- 
ceeded as a possibility. The instinct to survive could 
lead any nation to disregard any agreement or 
undertaking, even when the common interest of 
survival as well as the desire to escape from the 
crushing burden of the arms race make the elimination 
of war a matter of plain self-interest. 

While, however; Lord Russell writes very cogently 
and reasonably about the steps to be taken towards 
peace and the new outlook needed before negotiations 
can hope to succeed, reason sometimes fails to take 
account of realities, not to mention difficulties. He 
believes that impartial agreements could be reached 
once both sides recognize that it is more important 
to reach agreement than to win diplomatic victories, 


*Common Sense and Nuclear Warfare. By Bertrand Russell. Pp. 
4, ape George Allen and Unwin, Ltd., 1959.) Cloth, 7s. 6d. ; 
, 88. 6d. 


and he sees some hope in the reduction of vitupera- 
tion, though he points out also that propaganda 
should increasingly be directed to the promotion of 
the awareness of common humanity. He stresses the 
importance of government agreement on the abolition 
of nuclear tests as a first step towards peace, and with 
the resumption on April 13 of the Geneva conference 
on ending nuclear tests it should soon be clear how . 
far both sides truly desire agreement. Mr. Selwyn 
Lloyd’s reply in the House of Commons on April 15 
indicates that an attempt is being made to meet the 
Russian objections to inspection by international 
teams and to utilize the opportunity which a system 
of control by 180 static posts might offer. The 
U.S.S.R. is already prepared to accept the manning 
of five of the ten key positions in each static post by 
nations of the other side, and the Western view is 
that one-third of the key posts should be filled by 
staff from the three nuclear powers and the remainder 
filled by the host country. 

The difference between a demand for five and one 
for six or seven does not seem wide, but Lord Russell’s 
second step is less simple. He suggests that the next 
step should be a solemn joint declaration by the 
United States and Soviet Russia to the effect that 
they will seek to settle their differences otherwise 
than by war or the threat of war, and that to imple- 
ment this declaration they should appoint a per- 
manent joint body to seek measures tending towards 
peace and not altering the existing balance of power. 
Lord Russell suggests that this body should be 
invited to study every dispute that might arise, and 
to suggest such settlements as each side might be 
willing to accept. 

Nowhere, however, does Lord Russell indicate 
precisely what advantage such a body would offer 
over those already in being, given indeed the new 
outlook that he commends, which indeed is essentially 
a re-appraisal of what national interests really involve. 
Moreover, the problems to come before the new body 
are essentially questions of disarmament and terri- 
torial questions. On the former, Lord Russell adds 
nothing new and points out that disarmament is 
really a palliative rather than a solution of the 
problem of world order—rather a sequence of im- 
proved international relations than a cause of better 
relations. The actual steps towards conciliation 
which he proposes, however, seem to ignore the real 
difficulties and, to say the least, in suggesting the 
appointment of a conciliation committee to explore 
measures for diminishing tension, it is more than a 
little naive to suggest that all policy makers in the 
modern world are too busy to acquaint themselves 
with the facts upon which policy should be based. 
On territorial adjustments, he observes that the 
countries of Europe should be freed from alien forces 
and their immunity guaranteed, but he does not 
indicate by whom, though he is realistic enough to 
regard the withdrawal of American forces from 
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Western Europe as impracticable save as a sequel to 
an enforceable agreement for abolishing nuclear 
weapons. Applied to the Far East, his suggestions 
completely disregard his own principle of respecting 
the wishes of the inhabitants and we are given no 
clue as to how friction, uncertainty and rivalry in 
difficult regions can be eliminated or by whom an 
international authority with power to enforce its 
decisions could be created. Indeed, Lord Russell 
admits that for the present this is an academic 
creation and appears to visualize it as developing 
from a series of subordinate federations in such a 
federal world as Lord Curtis advocates. Ultimately, 
his hope seems to rest on education and in the policies 
he outlined in an earlier book, ““New Hopes for a 
Changing World’’. Here he gives us little clue as to 
how hope is to be substituted for fear and the 
co-operation secured on which world order and 
security can ultimately be based. 

The Ear] of Dundee, replying for the Government 
on the debate on February 11, affirmed that 
the right solution was disarmament by agree- 
ment, and collective security under a world system 
which commands the confidence and assent of all 
nations ; but he did not suggest that this could be 
achieved other than by patience and perseverance. 
He did not believe that it is possible to establish a 
system of world society in which conventional wars 
are still allowed but nuclear wars are excluded, and 
agreed with Lord Russell both that all future wars 
would be nuclear and that the Russian phobia about 
inspection is the real obstacle. He pointed out that 
Lord Russell had not really indicated what different 
method and new approach should be adopted, but in 
stressing the importance of a continued attempt to 
break down the cultural and intellectual barriers of 
the Iron Curtain and to establish real freedom of 
intercourse between the leaders of education, industry 
and science, between ordinary travellers and tourists, 
as well as the abolition of censorship, Lord Dundee 
went far towards accepting all that was constructive 
in Lord Russell’s argument. 

For the rest, the debate brought a further plea 
from Lord Boyd-Orr for world co-operation in 
applying the new powers of modern science to con- 
structive purposes in the creation of a world free 
from war, hunger and preventable disease ; but Lord 
Adrian, who also supported Lord Simon’s motion, 
merely emphasized the danger of allowing a nuclear 
war to start and the importance of preventing an 
increase in the number of Powers capable of starting 
such a war, without himself indicating any construc- 
tive steps to that end. Eventually, Mr. Selwyn Lloyd, 
Secretary of State for Foreign Affairs, in reply to 
questions in the House of Commons on April 15, said 
that the Government had proposed to the resumed 
Geneva Conference on nuclear tests that, if the 
Soviet Union could not agree to the steps required 
to make a comprehensive ban possible, attempts 
should be made to reach such a ban by stages. 

The first stage would consist of a ban on tests 
from the Earth’s surface up to 50 kilometres and 
under-water tests. Agreement on controls for this 


purpose seemed to be feasible, since on-site inspection 
would not be necessary. Efforts to work out the 
technical problems in detecting tests underground 
and at very high altitudes would continue without 
interruption, and as soon as satisfactory control pro- 
visions covering these points had been agreed and 
incorporated in the treaty tests in these environ. 
ments would also be forbidden. Mr. Lloyd repeated 
that the Government would much prefer a compre. 
hensive agreement but would accept the discon. 
tinuance of atmospheric tests as a first step and 
agree to negotiate further on the stopping of under. 
ground and stratospheric tests. (This has, of course, 
since been rejected.) Unlimited inspection had 
never been urged, but he thought that any contro] 
system is impossible if there is to be a Soviet 
veto on whether a complaint should be made and 
whether any alleged complaint should be inspected. 


Lord Boyd-Orr’s ideas concerning the importance of } 


changing from the age-long use of war as the ultimate 
instrument of diplomacy to a new era of world peace, 
in which differences between nations will be settled 
by reason and goodwill, were more fully outlined in 
the presidential address he delivered to the Assembly 
of Corresponding Societies on August 28, 1958, at 
the Glasgow meeting of the British Association. Lord 
Boyd-Orr referred there to the economic and social 
problems which the great increase in the capacity 
for production of the modern world has created for 
the fully industrialized as well as for the under. 
developed countries ; but it was with the educational 
issues that his address was mainly concerned, par- 
ticularly the education of the general public. He 
went so far as to suggest that what is needed to-day 
is a world-wide association for the retardation of 
science and for the preservation and increase of what 
culture we have available for dealing with the forces 
released by science. 

In thus referring to the potential cultural value of 
the Assembly of Corresponding Societies, Lord Boyd- 
Orr was clearly referring to knowledge, wisdom and 
goodwill. It is obvious that we have still far to go 
before the Iron Curtain is no longer a barrier even in 
such fields ; but all measures to encourage cultural, 
educational and scientific exchange between the 
U.S.S.R. and the West could work to that end, and 
if the education of the public on the advancement of 
science and its impact on society become, as he 
suggests, the main function of the British Association, 
that Association might make an important con- 


tribution to world understanding. Meanwhile, a1 


article by Prof. P. M. S. Blackett in The Advancement 
of Science (No. 60, March 1959) shows that the 
Association as a whole is making good progress in 
its new activities in presenting science to the public. 

The Vienna Declaration of September 19, 1958, 
already noted, concluded by affirming the respons 
ibility of scientists in all countries to contribute 
the education of the peoples by spreading among 
them a wide understanding of the dangers and 
potentialities offered by the unprecedented growth 
of sciences. The Pugwash scientists appealed to their 
colleagues everywhere to contribute to this effort, 
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both through enlightenment of the adult populations 
and through education of the coming generations. 
Both Lord Boyd-Orr’s address and Prof. Blackett’s 
article show that in Britain the British Association 
s already addressing itself to both aspects of the 
problem ; but if scientists possess the special com- 
petence and responsibility attributed to them in the 
Vienna Declaration, these efforts will also require 
sustained support and constructive thought by pro- 
fessional associations of all kinds. 


CORRESPONDENCE OF 
SIR JOSEPH BANKS 


The Banks Letters 
A Calendar of the Manuscript Correspondence of Sir 
Joseph Banks preserved in the British Museum, the 
British Museum (Natural History) and other collec- 
tions in Great Britain. Edited by Warren R. Dawson. 
Pp. xlii+965. (London: British Museum (Natural 
History), 1958.) £12 12s. 

URING the long reign of George III (1760-1820), 

and especially in the latter part, Sir Joseph 
Banks (1743-1820) was outstanding as the leader of 
scientific thought and development in Great Britain, 
above all in the realm of natural history in the widest 
sense. His great range of interests, his energy, his 
wealth, and his long term as president of the Royal 
Society, from 1778 until his death, enabled him to keep 
in close touch with the many and varied scientific 
activities of the period. Much has been written about 
Sir Joseph Banks but no full account of his voluminous 
correspondence and papers had been published, or 
even prepared, when they were largely dispersed, in 
part overseas, by sales in 1884 and 1886. The 
present volume is described as a Calendar and is 
concerned only with letters (originals or accepted 
bona fide copies) now in Britain. The extensive collec- 
tions in other countries, especially in Australia, and 
the numerous reports, memoranda, or dissertations, 
mostly in his own handwriting, are not included. 
The letters listed with entries are now in the posses- 
sion of many institutions and private persons, but 
the main collections are in the Department of Manu- 
scripts of the British Museum, the Department of 
Botany of the British Museum (Natural History), and 
the Royal Botanic Gardens, Kew. 

The Calendar as prepared and edited is arranged 
alphabetically on the basis of the names of the persons 
by whom or to whom the letters were written, and the 
letters are in order of date under the personal names, 
except for undated letters. For every letter there is 
given @ concise epitome of its contents. So far as 


+ the M they have been traced, the dates of birth and death of 
at the & 


the correspondents and an indication of their identity 
are given. Some idea of the magnitude of Banks’s 
correspondence is given by the fact that the present 
Calendar contains entries of rather more than 7,000 
letters and by the estimate that had the correspond- 
énce been intact the total would probably have been 
in the region of 50,000 or more. One has to remember 
that handwriting alone was involved, for in those days 
there were no typewriters or other modern devices 
“7 coercing material not immediately to be pub- 


The work of reading and preparing explicit, if brief, 
entries of the contents of more than 7,000 letters 


must have been very considerable. The entries are 
well prepared and throw a great deal of light not 
only on the numerous and varied interests of Sir 
Joseph Banks and on the history of science in mid- 
Hanoverian times, but also on the conditions of life 
in Britain and other countries at this period. The 
basic alphabetical arrangement makes it easy to 
consult the entries and an excellent index enables the 
reader to make quick reference to subject contents. 

In a short notice of a work of this nature and size 
it is impossible to do more than give general impres- 
sions of the range and value of the contents. As a 
source-book or a guide to sources for many purposes 
it will have considerable value. The historian of 
science, or of almost any branch of science, will 
frequently have to consult it, but many entries record 
matters outside the field of science. Indeed, it is the 
great range of Banks’s interests and involvements 
which strikes one most in perusing the pages of this 
book. As Sir Gavin de Beer says in the preface he 
has written for the volume, “There is scarcely an 
aspect of British public life in the reign of George III 
that is not represented at first hand in the Corre- 
spondence of Sir Joseph Banks’’. He was certainly a 
remarkable man, and a great many institutions and 
individuals benefited from his advice and his often 
very concrete help. The British Museum, the Royal 
Botanic Gardens, Kew, and the Royal Society owe 
him a great debt, while many of the entries record 
thanks for kindnesses to individual correspon- 
dents. 

It is appropriate that the present volume should 
be published by the Trustees of the British Museum. 
Not only did Banks contribute so much to the collec- 
tions, particularly to those now at South Kensington, 
and a considerable part of the correspondence recorded 
in the body of the book is the property of the Museum, 
but also the work was originally initiated by the editor 
and the late Mr. John Ardagh, who was then in charge 
of the Library in the Department of Botany where 
the valuable Dawson Turner copies of so much of 
Banks’s correspondence are available for reference. 
The editor and the Trustees of the British Museum 
are to be thanked for a production worthy both of the 
subject and of the institution. W. B. Turriin 


AN INDIAN HISTORY OF 
SCIENCE 


Bijnaner Itihas (A History of Science) 

Vol. 2. By Sri Samarendranath Sen. In Bengali. 
Pp. xvi+430+18 plates. (Calcutta: Indian Asso- 
ciation for the Cultivation of Science, 1958.) Rs. 12. 


HE first volume of this work (reviewed in 

Nature, 178, 1367; 1956) covered the period of 
ancient science up to the Roman empire ; the second 
carries the story forward to the Renaissance and the 
birth of modern science. It amply fulfils the expecta- 
tions aroused by its predecessor, indeed it surpasses 
them. The contents are divided into four parts. In 
the first part the author reviews the condition of 
scientific knowledge in medieval India. He discusses 
the contacts between Persia and the Mediterranean 
on one hand and China on the other, and carefully 
evaluates them. The most striking Indian contribution 
was in the field of mathematics and Mr. Sen sum- 
marizes the work of Varahamihira, the sixth century 
polymath whom he calls the “Indian Pliny’’, of the 


great Aryabhat who—at the opening of the same 
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ceniury—calculated the correct value of x, of 
Brahmagupta, and of Bhaskara, the twelfth-century 
genius who explored the calculus. He further discusses 
the origins of the decimal system and the zero, and 
avoids the often exaggerated claims for their Indian 
antiquity. The Indian contributions, mainly by 
mathematicians, to astronomy are also worthy of 
remark, and Aryabhat even anticipated Copernicus. 
However, this field remained infertile largely because 
it was so much concerned with prognostication. 
Finally Indian contributions to medicine, chemistry, 
metallurgy and atomic theory are discussed. 

The second part of the book deals with Arab science. 
Here too the material is presented in a sympathetic 
and balanced way. The great debt to Greek science 
is acknowledged as is the less-important Indian 
influence, and the achievements of al-Khwarizmi, 
al-Battani, al-Biruni and many others are outlined. 
A chapter is devoted to the Arab contributions to 
chemistry, particularly to Jabir, al-Razi and their 
followers ; while in the field of medicine the name of 
ibn-Sina (Avicenna) stands forth. 

With the third part of the book the scene is shifted 
to Europe and the background to the Renaissance. 
First, the survival of learning in the monasteries, the 
impact of the Carolingian renaissance, the effects of 
the Crusades and the influence of Arab science are 
considered ; next the peculiar importance of the 
universities and their constitution are discussed. In 
this setting Christian and Greek learning mingle in 
Grosseteste and produce a Roger Bacon. The 
philosophy of Aquinas is outlined and leads up to a 
brief mention of the nominalists. It is indeed a joy 
to read in Bengali the translation of Occam’s mighty 
razor. The section ends with a survey of knowledge 
in the thirteenth and fourteenth centuries. 

The last part of the volume deals with the birth of 
modern science in the fifteenth century. First the 
author traces the technical discoveries which revolu- 
tionized life and thought : the magnifying glass, the 
clock, the compass, printing, and gunpowder. He 
then gives a full account of the work of Leonardo 
da Vinci. There follows a detailed history of the 
astronomical discoveries of Copernicus, Tycho Brahe, 
Kepler and Galileo. Next the great advances in 
anatomical knowledge are described, from Vesalius 
and Fabricius to Harvey. In chemistry, the work of 
Agricola is stressed and its practical importance is 
recognized. This second volume of the history of 
science ends with a short epitome of the seventeenth 
century as exemplified by Bacon, Descartes and 
Galileo. 

It is indeed a pleasure to find in an Indian language 
so balanced and objective an account of this vast 
subject. This book carries with it something of the 
spirit which ennobles the writings of Sarton or Singer, 
and Mr. Sen is to be congratulated upon a remarkable 
achievement. As in the first volume the production is 
excellent, the illustrations are well chosen, numerous 
and well reproduced. It is impossible to >ver- 
emphasize the importance of the history of science for 
education in India, and with the development of the 
regional languages the need for an adequate text-book 
is obvious. It is to be earnestly hoped that the Indian 
Academy for the Cultivation of Science may now take 
up the task of translating ‘‘Bijnaner Itihas”’ into the 
national language, Hindi, and the other regional 
languages, and that the Government of India may 
provide further support and encouragement for the 
task. We look forward to the publication of the third 
volume. F. R. ALLCHIN 
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HUMAN DIVERSITY 


Variation and Heredity 
(Survey of Human Biology.) 
Routledge and 


By Dr. H. Kalmus. 
Pp. xi+227+6 plates. (London: 
Kegan Paul, Ltd., 1957.) 28s. net. 


SPECTS of human genetics, particularly the 

problem of assessing the changes in frequency of 
hereditary defects that may result from present or 
anticipated increases in the radioactivity of our 
environment, have been much in the public eye of 
recent years. Treatment in some sections of the 
Press, both in Britain and elsewhere, has often been 
emotional and invariably more imaginative than 
accurate. Even the controversies of the geneticists 
themselves have at times engendered more heat than 
light. Dr. H. Kalmus is therefore to be congratulated 
on the authorship of an objective and detached 
account of the factors, environmental as well as 
genetic, which contribute to human variability. 

The book is the third volume of the ‘Survey of 
Human Biology” to appear. According to the 
publishers, the series is intended to serve three classes 
of reader, the inquiring layman, the student, and the 
specialist looking for information in fields other than 
his own. A clear and straightforward presentation is 
therefore required ; also the avoidance of complexities 
and the limitation of technical jargon to a minimum. 
In these respects the author has succeeded admirably. 
Although the use of many technical terms is inescap- 
able, the reader in return is entitled to have them 
clearly defined. Here Dr. Kalmus has been rather 
less successful. Definitions of a kind there are, but 
they by no means always appear at the first use of a 
term and the index is not always a reliable guide. 
This being so the usefulness of the book to its intended 
readers would have been increased considerably by 
the inclusion of a glossary. A comprehensive and 
up-to-date bibliography provides a partial compensa- 
tion and is a valuable feature of the work. 

The book is in no sense another elementary human 
genetics text, although genetics necessarily figures 
very prominently. The subject-matter is treated 
throughout from the point of view of its medical 
and social importance. Fourteen chapters of exposi- 
tion are followed by thee in which the wider implica- 
tions for human affairs are discussed. The complex 
interaction of genetic and environmental factors is 
stressed and the absurdity of the supposed (by some) 
antithesis between ‘genetically determined’ and 
‘environmentally determined’ characters is exposed. 
To those who have hitherto been unaware of this 
fallacy the reading of Dr. Kalmus’s book should 
prove a salutary exercise. 

There are a few minor errors and inconsistenciés 
and one which may be more serious. On p. 139 it is 
stated that the genetic hazards of irradiation can be 
reduced by (among other methods) “ . . . taking X-ray 
photographs instead of looking at the fluorescent 
screen, by which means irradiation with only tw? 
Réntgens can produce the same diagnosis as direct 
fluoroscopy requiring seventy-six Réntgens”. Some 
readers are likely to take these figures to be gonad 
doses and since they have been told two page 
previously that “ .. . even such very low dosages # 
0-3 to 0-1 Réntgen units per week or less . . . constitute 
a potential threat to their [radiation workers] 
progeny” they may well feel alarm. The actual dose 
which reaches the gonads will, of course, be greatly 
influenced by the part of the body under examination. 
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It is possible that doses of the magnitude mentioned 
may formerly have been delivered to the skin in some 
instances, but in contemporary practice (according 
to information given in a recent joint report of the 
International Committees on Radiological Protection 
and on Radiological Units and Measurement) gonad 
doses in even the most severe fluoroscopic examina- 
tions are likely to be at least an order of magnitude 
lwer. This one slip apart, the book answers its 
purpose excellently and can be recommended to all 
who wish to have a readable and reliable statement 
of the present stage in the development of the study 
of human diversity. C. E. Forp 


PHYSICAL AND CHEMICAL 
EXPLORATION OF THE CELL 


General Cytochemical Methods, Vol. | 

Edited by Prof. J. F. Danielli. Pp. xi+ 471. 
(New York: Academic Press, Inc., 1958.) 12.80 
dollars. 


HE extraordinary growth in the number of 

‘annual reviews’ or ‘recent advances’ series poses 
serious problems for contributors and editors. It is 
often very valuable for a research worker to review his 
own field, but once he has become established he may 
find himself the victim of an insidious process. It is 
flattering to be invited to contribute reviews and 
chapters and to take part in symposia ; but there is a 
danger that many active minds are being diverted 
from research to writing. In some fields the number 
of reviews almost approaches the number of original 
papers. The relentless growth of such ‘series’ is 
partly to blame. Probably at no other time in the 
history of science have such a large proportion of 
reviews been written, and editors must be responsible 
for the careful selection of subjects and authors so 
as to avoid overlapping and repetition. The literature 
on cytological methods is already covered by reviews 
such as ‘“‘Progress in Biophysics’, “Advances in 
Medical Physics”, and ‘International Reviews of 
Cytology,’ and collaborative works such as ‘‘Analyti- 
cal Cytology’’, edited by Mellors, and ‘Physical 
Techniques in Biological Research”, edited by Oster 
and Pollister. 

It is a serious criticism of this new book that five of 
the nine subjects have already been dealt with (in 
some cases several times, and even by the same 
authors) in at least one of the publications mentioned 
above. Indeed the weight of cellular structures by 
X-rays (Engstrom and Lindstrom) and ultra-violet 
microspectrophotometry (Walker) have been the 
subjects of so many reviews that there is little new to 
| offer. Both articles could have been held over for a 
year or two. The topics of Feulgen microspectro- 
photometry (Leuchtenberger), autoradiography (Pelc) 
and fluorescent antibody methods (Coons) have also 
been extensively reviewed elsewhere. It must be 
admitted that all these articles are well written and 
valuable in themselves, but it is rapidly becoming 
impossible for anyone to keep up with even the 
review literature. 

The remaining four articles cover less familiar 
ground. Davies gives the fullest account (100 pages) 
of interference microscopy yet published. This is an 
admirable article and one wishes that every potential 
buyer of an interference microscope could be made to 
produce evidence that he has read and digested its 
contents. The exhaustive article (nearly 60 pages) by 
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Bennett and Watts on the demonstration of sulphyd- 
ryl groups by mercaptide coupling is perhaps less 
fortunate. One may admire the extraordinary 
thoroughness of the authors but it is surprising that 
the second longest article in the book was devoted to 
a method with (at present) such limited application. 
By contrast, the article by Holt on indigogenic 
staining methods for esterases is terse and severely 
practical. Finally, Danielli himself contributes a 
short article on the calcium phosphate precipitation 
method for alkaline phosphatase. 

Having approached this book with a critical 
attitude, one wonders why, despite its imperfections, 
the general effect is a feeling of satisfaction. The 
answer is that not only is each of its articles authori- 
tative and informative, but also the work as a whole 
preserves an integrity that is lacking in some other 
review journals. The articles are linked by a common 
theme and purpose and anyone concerned with 
cytochemistry can be certain that the majority of 
them will be of interest and value to him. Once this 
series is firmly established, it is to be hoped that 
reviews in this field will cease to be dispersed over a 
wide range of periodicals, thus making the task of the 
cytologist easier. Even though Prof. Danielli may 
not have got off to a perfect start, one feels that he is 
likely to make a very strong finish. R. BARER 


PALAOPEDOLOGY 


Soils for the Archzologist. 
By Dr. I. W. Cornwall. Pp. 230. (London: Phoenix 
House, Ltd., 1958.) 50s. net. 


ANY pedologists, like the reviewer, have no 

doubt been consulted from time to time by 
archeologists about problems that have arisen in the 
course of their excavations. That adequate help has 
not always been forthcoming is in the main due to 
lack of understanding between the two disciplines, 
and it is Dr. I. W. Cornwall’s aim to reduce this to a 
minimum. The book is primarily directed at his 
archeological colleagues, but pedologists could read 
with advantage Part I of the book and the last chap- 
ter, both of which are devoted to a discussion of 
archeological deposits, but also containing useful 
information on loess, cave earths and peat. The core 
of the book is an account of soil types and some 
methods for their examination, and it is here that the 
pedologist will find most to argue about. The system- 
atic discussion of the soils is based on Kubiena’s 
“The Soils of Europe’”’, with little modification. While 
from the morphological point of view this is, in the 
main, satisfactory, the theories of the underlying 
processes contain much that is pure guesswork and 
very debatable. Although Kubiena’s techniques are 
now widely used, his classification is not generally 
accepted and it would have been helpful to have 
mentioned soil groups recognized by other workers, 
even though an accepted synonymy is not yet éstab- 
lished. This would show that what is commonly 
called a podzol or podzolic soil in the U.S.S.R. need 
by no means correspond to Kubiena’s definition: 
although it might fit one of his other groups. In this’ 
connexion a set of photomicrographs of the types of 
fabric should have been provided. 

There is much use of the theory of peptization of 
iron oxide by silica for which there is no good 
evidence, although silica sol will peptize clays. In 
the British Isles (cf. p. 98), as elsewhere in the 
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temperate zone, water-soluble silica can be extracted 
from soils, and is therefore presumably hydrated. 
The remarks about the colour changes of hydrous 
iron oxides on dehydration are open to question, for 
it is a fact that in many red soils goethite is the main 
identifiable form. Crystal growth is a more probable 
explanation of the colour changes. The iron oxides 
in a braunerde are said to be flocculated, and therefore 
immobile, so that concretions do not form (Kubiena, 
p. 234), but Dr. Cornwall allows them to be “‘typically 
seen in braunerde’’ among others. This may be true 
if one uses the more general expression ‘brown 
earths’. Such concretions formed in the earlier history 
of the soil do not necessarily shrink and become 
deformed (p. 191) but may retain their shape and 
structure. Again, a braunerde does not necessarily 
become degraded to a podzol on increase in acidity ; 
unless heath intervenes, a form of sol lessivé is a more 
likely result. 

The author’s descriptions of laboratory techniques 
are unorthodox but in general probably adequate. In 
mechanical analysis, however, it is better to use 
‘Calgon’ systematically unless the coarser fractions 
are examined for aggregates of silt and clay. The 
removal of gypsum is readily effected by ammonium 
acetate. In the method for the determination of pH 
(p. 166) the proportion of soil to water is surely a 
misprint. Under iron, mention might have been made 
of a method for ‘free’ iron oxide, the determination of 
which is commonly more useful than total iron. It 
should also be pointed out that a sharp increase in 
total iron in the subsoil does not necessarily indicate 
podzolization, for this effect is shown by grey-brown 
podzotic soils (sols lessivés). The observed variation 
in pH with depth in this group of soils (also in some 
tropical soils), namely, a minimum value in the lower 
B horizon, suggests an alternative explanation of the 
results of the Mersea section (p. 207). The top of the 
decalcified layer could well be the surface of the buried 
layer rather than the point of minimum pH as seems 
to be assumed by Dr. Cornwall. 

A pioneer effort like this book must inevitably have 
its defects, but the author has made a valiant attempt 
to provide a bridge between two disciplines that should 
lead to valuable results in the future. ALEx Murr 


SEMI-CONDUCTORS 


Solid State Physical Electronics 
By Prof. Aldert van der Ziel. Pp. x +604. (London : 
Macmillan and Co., Ltd., 1958.) 37s. 6d. net. 


HE expanding use of semi-conductor and 
dielectric devices during the past decade or so 
has been so rapid and widespread that there now 
exists in the design and applications of these devices 
what is virtually a new branch of electrical engineer- 
ing. The development of these devices has been 
accompanied by the publication of a number of 
books written primarily to provide accounts either 
of the special circuit techniques involved in their use 
or of the relevant aspects of solid state physics. 
However, this book provides a new approach by 
aiming at giving an understanding of the operation of 
solid state devices. The book attempts to cover this 
whole field in a single volume designed to fill the need 
for a collected and concise account of the exploitation 
of the physics of the solid state over the whole of this 
rapidly expanding subject. 
The first five chapters of the book deal briefly with 
the relevant basic physics required. Topics which are 
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discussed include particle and wave aspects of light 
and matter, particle statistics, and the structure and 
band theory of solids. The next six chapters form a 
section dealing with the various mechanisms of 
electron emission from solids, and the design and 
characteristics of relevant devices such as thermionic 
vacuum tubes, photo-tubes, and secondary emission 
multipliers ; approximately half this section is de. 
voted to thermionic emission and its applications, 
The physical principles and operation of the more 
important semi-conductor devices are treated in the 
next six chapters. Metal to semi-conductor rectifiers 
and photo-effects in semi-conductors occupy one 
chapter each, but most of this section is concerned 
with a relatively extensive treatment of the junction 
diode and in particular the transistor and its equiva 
lent circuits. Dielectric and magnetic materials and 
their applications are dealt with in the remaining six 


‘chapters. Topics discussed here include luminescence 


and the light amplifier, transducers, ferroelectricity 
and the dielectric amplifier, the solid state maser, 
and ferrite devices. 

It is inevitable that, in covering so wide a subject 
in a single volume, some applications have to be 
omitted ; for example, no mention is made of para- 
metric amplification. The discussion of topics 
included is necessarily curtailed although each chapter 
is followed by a short list of references to original 
literature and additional texts for supplementary 
reading. Formule required are sometimes quoted 
without derivation, for example the equations for 
Fermi-levels in semi-conductors given on p. 90; 
and physical concepts are sometimes introduced 
without discussion of their background, for example 
the introduction of thermodynamic free energy on 
p- 511. However, since the emphasis of the book 
throughout is on providing an understanding of 
the operation of devices rather than on giving a 
detailed exposition of fundamental solid state physics 
or circuit engineering, this is not necessarily a dis- 
advantage. 

The book is well written and printed, and is easy 
to read although the large number of extensive 
footnotes employed does tend to break up the reading 
of the text. Unfortunately, the value of the book is 
reduced slightly by the presence in it of a number of 
minor errors such as observations in the text which 
disagree with the relevant diagram, for example the 
Fermi-level in Fig. 12.3b is raised and not lowered ; 
numerical magnitudes given wrongly, for example 
the spontaneous polarization of barium titanate given 
on p. 526 should be about 0-26 C.m.* ; and misprints 
in the text such as the Fermi function on p. 51 and 
the thermoelectric power quoted for metals on p. 463. 
Most of these are trivial but do cause some confusion 
and irritation. 

As is the growing practice in this field, the book 
utilizes the M.K.s. system of units, includes a useful 
short table of fundamental physical constants, and 
gives a number of representative problems, with 
answers, at the end of each chapter. 

To the student of engineering or physics, this book 
provides a useful and comprehensive introduction t0 
the many different ways in which solid state physics 
is at present being exploited ; to the specialist worker 
in this field the book will serve as a reminder of the 
very wide ramifications and potentialities of his 
subject. Notwithstanding the various criticisms 
here of this book, there is no doubt it is an important 
publication and can be recommended widely. 

G. T. WricHT 
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SURMISE AND FACT ON THE NATURE OF CANCER 


By Dr. PEYTON ROUS, For.Mem.R.S. 
Rockefeller Institute for Medical Research, New York 


HE hypothesis according to which tumours 

are due to mutations of somatic cells was first 
brought forward by Boveri in 1902 and has been 
debated ever since. It was presented anew last 
July at one of the few plenary sessions of the Inter- 
national Cancer Congress in London. The state of 
mind of many research workers when this Congress 
ended has been reported as follows': “Some hoped 
that cancer can be eradicated without an under- 
standing of its very nature ; others felt that we must 
understand better the enigma of the cancer cell 
and even of life itself. If the somatic mutation theory 
of cancer is right, then development of cancer is an 
inherent property of life, and cancer research is but 
in its lusty infancy”’. 

Obviously a great deal depends on whether the 
hypothesis is right. For what men think determines 
not only what they do but also what they do not ; 
and numerous workers on cancer are now content 
to think that it results from somatic mutations. 
Hence they see no reason to seek in other directions 
to learn its nature. The factual basis for this state 
of affairs will be considered here, as also the share 
of the hypothesis in the advancement of knowledge. 
Important reasons exist for doing this—the biological 
importance of the cancer problem, its urgency for 
man, and the present state of mind of many scientists 
now investigating it, as just mentioned. 

During the first years after Boveri proposed the 
mutation hypothesis? the changes of normal cells 
resulting in tumour cells were held to occur “of 
themselves”, like germinal mutations: and since 
the changes appeared to be abrupt and discontinuous, 
as in the case of these latter, and also heritable, being 
passed on at every cell-division, the assumption 
seemed warranted that they might be due to genuine 
mutations—but of somatic cells dying with the 
organism. Now we know that neoplastic changes 
are not spontaneous, but are induced by extraneous 
agents or conditions, in the generality of instances, 
and almost certainly in them all. It has become rule 
of thumb, on finding a tumour, to look for the agent 
bringing it on. Hundreds of agents which do this— 
the so-called carcinogens—are now known, and new 
ones are continually being discovered. Most of them 
act slowly, some effecting neoplastic change only 
after many years ; but their influence is cumulative, 
no matter how long the interval between exposures 
to them, and eventually they render some cells 
neoplastic. They are of the most heterogeneous 
character, ranging all the way from radiant energy 
and highly various substances, to viruses and animal 
and vegetable parasites. Yet, except for the viruses, 
they have little determining influence on the character 
of the growths they induce. In doing so they play 
upon the neoplastic potentialities a tissue possesses, 
and these differ not only with the kind of cell impli- 
cated, and the species of animal, but even with its 

Some carcinogens reach deep into the body, 
and others are made there. 


This new knowledge has large practical bearings 
as witness the demonstrated relationship between 
cigarette smoking and lung cancer. As yet, however, 
it has thrown no piercing light on the nature of 
neoplastic change. The great majority of the 
carcinogens are merely provocative: they convert 
normal cells into tumour cells but have no further 
essential role and are degraded or left behind as the 
changed cells multiply. Their relation to the 
neoplastic state may be likened to that of ignition 
to combustion : a fire can be kindled in any one of 
numerous ways but, with this done, its decisive 
share in events is ended, The analogy can be pushed 
further : flames differ according to their ingredients 
and tumours differ according to the type of cell 
involved. 

The realization that tumours are induced pheno- 
mena made necessary an adjustment of the mutation 
hypothesis. According to present thought, the 
carcinogens induce mutational changes and these 
result in the growths—upon which they may have 
some selective effect, a corollary presumption. 
In this form the hypothesis becomes most attractive, 
providing as it does a blanket explanation for almost 
the whole diverse world of the neoplasms. Yet not 
for quite all of them. How does it account for the 
small but gradually enlarging group of tumours 
that are produced by viruses, which, incidentally, 
determine their character, and are made up of cells 
in which these viruses multiply and from which 
they can be recovered in a condition to produce 
more tumours of the same sort ? A first inclination 
was to exclude the growths from consideration as 
not genuine neoplasms: and this has recently been 
attempted anew, despite proof that they measure 
up in all ways to the classical definition of what 
tumours are, save in that their cause has been 
found. To reconcile their existence with the muta- 
tion hypothesis some workers now consider the 
causative viruses to be ‘transmissible mutagens’ 
affecting the genes of somatic cells. 

Needless to say, somatic mutations, recognized as 
such by the geneticists, do occur. They are frequent 
in plants and now and again are found in the lower 
animals but are exceedingly rare in the higher. 
They are regularly cited by such investigators as 
hold that tumours are due to somatic mutations, 
and with reason, since without them this assumption 
would have no directly factual basis. The earlier 
they occur in the development of an organism the 
greater is their share in it, through multiplication 
of the affected cells. Occasionally one of them finds 
expression in the vertical half of a plant, not infre- 
quently in a branch or leaf or flower, and often in 
the mere segment of a petal, when that petal had 
already begun to form before the mutation occurred. 
The changed branch or leaf or segment still retains 
the form and functions of such, but differs from the 
normal in colour or texture or both. But it is 
significant that none of the plant tumours thus far 
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studied has been found in association with these 
mutations. 

In the higher animals somatic mutations are so 
seldom come upon as to gain individual report. 
They have been noted very occasionally in pigeons, 
guinea pigs, sheep, rabbits, and rats. Half the 
body of a pigeon may be covered with black feathers 
instead of the normal grey of the opposite half ; 
or a patch of skin on a guinea pig or rabbit may 
carry fur having a colour different from that to be 
expected by its inheritance ; or a patch of wool on 
a sheep may be notably shallow as compared with 
its fleece elsewhere. These anomalies are not passed 
on to the next generation. The cutaneous patches 
have been aptly termed ‘mosaics’; for they are 
surface phenomena, the skin with the abnormal fur 
or fleece remaining level, and its cells retaining their 
normal place and activities, not extending downward 
or laterally at the expense of the adjacent tissues, 
much less preliferating into a mass as tumour cells 
do. Few, if any, somatic mutations seem ever to 
have been observed in mice, which is the more sur- 
prising because, throughout many years, thousands 
of these animals have been under close scrutiny 
in the Jackson Laboratory at Bar Harbor, Maine, 
a laboratory largely given over to the experimental 
study of mouse genetics, much of it by inbreeding. 
This latter has resulted in numerous homogeneous 
strains of mice useful for scientific purposes, some 
prone to develop tumours of one organ or another 
in a high percentage of instances ; yet no breed has 
yet been reported having any discernible tendency 
to somatic mutations of recognized type. Only 
plant instances find mention in the numerous papers 
from the Jackson Laboratory, wherein the somatic 


mutation hypothesis has been advocated. 

Still more remarkable is the fact that no valid 
‘mosaics’ have been reported for human skin, so 
accessible as this is to constant inspection and so 


intimately inspected. It may well be that they 
occur; but if so they have been ascribed to some 
cause other than somatic mutations. The only 
phenomenon indicative of them in man is the occur- 
rence of paired eyes of markedly different colour, one 
blue and one brown, for example, when they should 
resemble each other by inheritance. The deeper 
human organs have been searched microscopically 
for more than a century, yet no abnormalities have 
been reported by pathologists that can be referred 
with any assurance to somatic mutations. 

In 1932, J. S. Haldane’, after studying the somatic 
mutations then available, wrote that “the known 
alterations in [cell] character which can be referred 
to chromosomal changes are of a much less funda- 
mental kind than would be required to explain 
malignancy in tumours. . . . Even when a chromo- 
somal mutation is inconsistent with the ultimate 
survival of the developing organism [its] growth 
is still co-ordinated’. This latter fact is well exempli- 
fied in the ill-matched eyes already mentioned, as 
also in ‘sheep mosaics’, which, alone among those 
of animals, have been examined with the micro- 
scope. This has shown that the skin involved in the 
mosaics has the normal aspect, except that its hair 
follicles are smaller than usual and form smaller 
hairs. The cutaneous cells give no sign of increased 
ability to proliferate, much less to do so independently 
o* the organism. Here lies the crucial difference 
between neoplastic cells and those that have under- 
gone somatic mutations of the kinds thus far 


recognized. 
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One can readily understand why somatic cell 
that have undergone authentic mutations such ag 
those thus far reported should rarely manifest them. 
selves. Their lack of any increased ability to prolifer. 
ate must result in their virtual imprisonment within 
the normal tissue context, unless indeed they haye 
mutated early in the development of the organism 
to which they belong. Actually, in the adult creature, 
many tumour cells are unable to assert themselves 
even when possessed of considerable ability to grow. 
But if they are provided with space, as by cutting 
away the tissue next to them, or if the tissue in which 
they lie is stimulated chemicaily, such hidden cells 
may promptly form tumours‘, their proliferation 
far exceeding that of the adjacent, and competing, 
normal cells of the sort from which they have derived. 
Not so with cells that have undergone authentic 
somatic mutations of the kind above described : 
their growth fails to exceed that of their normal 
fellows. Only when they have mutated so early in 
the life of the embryo as to share to a recognizable 
extent in its formation can they be expected to 
multiply sufficiently to gain attention. 

If one could only bring chemical carcinogens to 
bear on mammalian embryos at an early stage, one 
might learn whether these agents are mutagenic as 
well; but nearly all of them fail to get through the 
placenta. Radiant energy does reach into the 
uterus, and malformations due to its action on 
embryos have been described, but no somatic muta- 
tions. Fortunately, one chemical carcinogen, ethyl 
carbamate (urethane), which induces lung tumours 
in mice, and is frequently mentioned by the somatic 
mutationists because it causes germinal mutations in 
Drosophila, does pass the placental barrier’; and 
it acts with such swiftness on the embryos of mice 
of some breeds, when these are injected with it while 
pregnant, that adenomatous tumours can be per- 
ceived in their pulmonary tissue within three days 
after birth*. The lungs are almost as well suited 
as skin to the disclosure of somatic mutations, because 
the least morphological change in their delicate, 
orderly, alveolar web can be discerned: yet even 
when urethane is brought to bear on the embryos 
almost as soon as their pulmonary tissue first begins 
to form, and daily thereafter, through injection 
into their mothers, no signs of somatic mutations 
have been found in serial sections of their lungs, 
obtained at intervals from their birth to maturity, 
but only the well-known adenomas—growths capable 
of forming a succession of tumours when serially 
transplanted. 

On turning now to the tumours themselves that 
are ascribed to somatic mutations, one learns much 
that is pertinent. The assumption is often tacitly 
made that the changes in aspect and behaviour which 
occur when normal cells become tumour cells are 
consequent merely on their increased proliferation. 
But only exceptionally, and in cells of a few sorts, 
do neoplastic changes seem to result only in an 
increased capacity to grow. In such cases the 
increase is slight (for example, some fatty tumours 
of man, certain liver tumours of mice). Of course, 
when neoplastic cells multiply rapidly they have 
less time to differentiate and hence tend to diverge 
more from the normal; but those of many cancers 
exhibit great distortions of form and function, 
irrespective of whether their proliferation be fast 
or slow. The cells of such tumours are almost 
grotesque in aspect and worse in behaviour, invading, 
destroying, scattering to other organs, and multiply- 
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ing so rapidly that they outstrip the ability of the 
body to supply them with blood vessels and in 
consequence die in hordes. Cancerous cells much 
less changed than these still differ strikingly from 
normal cells. One is reminded again of Haldane’s 
dictum that “‘the known alterations in [cell] character 
which can be referred to chromosomal changes are 
of a much less fundamental kind than would be 
uired to explain malignancy in tumours’’. 

The cells of the most fatal human cancers are far 
removed from the normal in character, and almost 
no growths fill the gap between, much less a graded 
series of them, such as one might expect were they 
the outcome of random somatic mutations, all 
tumours in this series, or rank, consisting of neoplastic 
cells of the same derivation but diverging more and 
nore from the norm in the direction of the malignant 
state. Cancers of the human lung are exceedingly 
common whereas pulmonary tumours of any other 
sort are rare ; gastric cancers outnumber more than 
20 to 1 the benign adenomas derived from cells of 
the same sort ; and cancers of the epithelium lining 
the body of the uterus and its cervix are frequent, 
whereas adenomas are uncommon. In none of these 
instances can the rarity of the benign tumours be 
ascribed to any lack of free space in which they may 
assert themselves, nor are stimulating influences 
wanting to them. Furthermore the benign tumours 
are in @ much ‘healthier’ state than the malignant, 
and hence their searcity cannot be ascribed to any 
inability of their cells to survive. Wide differences, 
crucial to the patient, separate growths of the two 
kinds. To all practical intents and purposes the 
cancers are discontinuous, episodic phenomena ; yet 
they are so repetitive that the clinical pathologist 
can predict the course of this one or that out of his 
past experience with others of the same sort. 

The absence of any ordered gradation of tumours, 
their discontinuous incidence, can be seen in animals 
as well. By inbreeding litter mates throughout many 
generations, strains of mice have been obtained which 
carry @ liability to tumours of one sort or another, 
as already mentioned. Those of some breeds have 
mammary growths, others lung tumours or liver 
tumours or bone tumours, and yet others leukemia. 
The growths of the mamma, and lung have been most 
closely studied. In the lung they are always benign 
adenomas of distinctive morphology, whereas in the 
breast they are equally characteristic, epithelial 
cancers. Though they are episodic phenomena, 
several often arise in a single animal. 

Nearly all ageing female mice of some breeds die 
of mammary tumours, and though less frequent 
in mongrel mice they are the most common of all 
growths. Hence they were the main material studied 
during the first ten years of experimental cancer 
research. They could only be propagated by trans- 
planting their living cells, and the failure of all 
efforts to extract a causative agent from them led 
to the conclusion fifty years ago that they were 
consequent on innate, cellular changes. They became 
indeed the very citadel of the belief (revived anew 
during the recent International Cancer Congress) that 
the riddle of cancer will be solved only with that of 
life itself : and, like the other tumours occurring 
‘spontaneously’ in genetically homogeneous mice, 
they were long held to be due to an inherited tendency. 
So matters stood until 1934 when a Dutch worker 
and a group at the Bar Harbor Laboratory discovered 
independently that this tendency is passed on 
through the mother. A little later, one of the Bar 
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Harbor group demonstrated that their cause is a 
virus passed to the young in their mother’s milk, 
yet causing no harm until after they mature, when 
cancers develop in consequence of its action. Do 
viruses account for the other tumours occurring in 
inbred mice? The organs of all are identical in 
form and function ; yet growths of this sort or that 
arise in this or that breed, whereas not in others. 
What can be the tertium quid? The fact that a 
carcinogen, 20-methylcholanthrene, hastens the occur- 
rence and increases the frequency of the cancers 
determined by the milk virus, and also that of the 
lung adenomas and leukemias already mentioned, 
possesses @ suggestive significance in this connexion. 
Indeed, recently a leukemia of the mouse has 
yielded a virus that quickly produces the disease in 
others’. 

Many experiments have been made of late to 
learn whether carcinogenic agents cause somatic 
mutations in the lower forms of life® ; and the advan- 
tage of using micro-organisms has been pointed out, 
these undergoing no separation into somatic and 
germ cells. Tests of them, as also of Drosophila, 
have shown beyond doubt that some carcinogens 
can induce permanent biochemical changes in cells 
exposed to them. Two distinguished investigators® 
sum up the results of their recent work on the 
mutagenic effects of carcinogenic hydrocarbons 
upon Neurospora, and “other similar findings”, with 
the statement that they are “at least not inconsistent 
with the somatic mutation hypothesis’. The 
evidence as a whole makes plain though that some 
carcinogens induce somatic mutations whereas others 
do not, that some mutagenic agents fail to be 
carcinogenic, and that many substances closely 
related chemically to agents of both sorts do neither?®. 
Persistent search has been made, ever since Boveri’s 
time, for chromosomal alterations which might prove 
characteristic of the neoplastic state—all to no 
purpose. 

Cancer cells often undergo further discontinuous 
changes, and these have been many times noted in 
cultures of the normal, somatic cells of mammals ; 
but since normal cells can proliferate endlessly in 
vitro the only way to tell whether they have become 
neoplastic is to return them to creatures of the kind 
from which they derived. This has been done, and 
mouse fibroblasts long exposed in culture to methyl- 
cholanthrene have given rise to sarcomas. But the 
control cultures became sarcomatous also. This 
would be astonishing were it not known that some 
substances deemed innocuous, lard, for example, 
will induce sarcomas after injection amid the 
fibroblasts of intact mice or rats. The cultures 
maintained longest, and yielding most sarcomas, 
though of late with no carcinogen purposely added, 
had been grown for several years on sheets of 
‘Cellophane’, a material recently shown to induce 
sarcomatous changes when embedded amid the 
connective tissue of rats and mice". Other foreign 
materials that might be carcinogenic have been 
present in the fluids nourishing the cultures—horse 
serum, extracts of chick or bovine embryos, and 
human amniotic fluid or serum from the blood of the 
umbilical cord. In one set of exquisite experiments, 
fibroblasts from the heart of a rat were cultivated in 
amixture of cord serum and chick embryo extract, 
and throughout 24} years the air about them was 
repeatedly replaced by nitrogen for the maximal 
period that the cells would survive. On return to 
rats at the end of this time the cells gave rise to 
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sarcomas whereas those of the control cultures, 
maintained without anaerobiosis, did not?*. One is 
reminded of the sarcomas arising now and again in 
human arms which have for years been poorly 
oxygenated because greatly swollen as a result of 
operative interference with lymph drainage. It 


would appear that carcinogenic conditions—condi- ° 


tions that is to say which bring on the neoplastic 
state—have determined both the human tumours 
and the malignant changes occurring in cultured rat 
fibroblasts. 

The term ‘mutations’, instead of the objective 
term ‘variants’, is often applied nowadays to the 
discontinuous changes occurring in somatic cells 
grown in tissue cultures. But how many of them 
deserve the name? The neoplastic viruses bring 
about wholly analogous changes in the cells of intact 
animals, and they would surely be ascribed to somatic 
mutations by the advocates of this hypothesis had 
not their causes been found. One is reminded in 
this relation of the numerous ‘orphan’ viruses that 
have turned up of late in tissue cultures, strays from 
unknown sources, as also of the fact that Newcastle 
virus can persist in tissue cultures without giving 
any cellular sign of itself, yet be roused to patho- 
genicity by experimental procedures‘. Scientists 
have only begun to realize that microbiological 
entities, distinct from the apparatus of cells, may 
accompany these, and do no one yet knows what. 
The discovery of a ‘Kappa factor’ in the cytoplasm 
of Paramecia provides an instance in point. One 
should not presume on this realization, but it cannot 
be dismissed. While adventuring into the infinitely 
great we are experiencing what the exceedingly 
small can do to us. 

When Boveri first outlined his idea that tumours 
are consequent on somatic mutations? he pointed 
out that it was not incompatible with the assumption 
that their primary cause is parasitic in nature. Indeed, 
he inclined to this possibility, having noted that 
physical and chemical insults can cause multipolar 
mitoses to occur in sea urchin embryos. In this 
connexion an extraordinary, recent revelation should 
now be mentioned, namely, that bacterial viruses 
sometimes transfer genetic material from one kind 
of bacterium to another, the result being an enduring 
transformation of the latter'®. Several workers have 
suggested that the neoplastic viruses do something 
similar to the normal cells of animal tissues, inducing 
somatic mutations that convert them into tumour 
cells. The question might be asked whether this 
reconciling assumption (of transmissible mutagens) 
may not apply to viruses producing growths which 
fall somewhat short of the standard for typical 
neoplasms—to the Shope fibroma virus, for example, 
which causes rabbit growths that resemble tumours 
in all important ways except that after some weeks 
they regress: and if to the Shope fibroma virus, 
surely to the virus of rabbit myxomatosis into which 
it can be readily transformed. Myxomatosis is a 
fatal inflammatory process, though entailing some 
cell proliferation; and certain strains of vaccinia 
also cause cells to multiply though they die soon 
after. Now one comes to the frankly necrotizing 
viruses. What of them? Is one to suppose that they 
kill cells rapidly by transferring genetic material to 
nuclei, or are they directly lethal ? 

These justified questions carry no implication that 
viruses are harmless to the genetic apparatus of cells. 
They may well play havoc with it. But to assume 
this in the case of neoplastic cells is less than neces- 
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Figs. 1-8. Effects of scharlach R in olive oil when placed beneath 

rabbit epidermis. A tourniquet was applied to the ear of an 

anesthetized rabbit, stopping all circulation to its distal third, 

and then olive oil saturated with scharlach R was injected into & 

marginal vein of this third, under such pressure as to rupture 

many capillaries. As a result, numerous tiny droplets of oil 
escaped into the subepidermal tissue 


Fig. 1. Inner side of an ear 23 om after injection. The epithelium 

has undergone an enormous proliferation and has extended down 

toward the oil droplets. Both in aspect and behaviour it appears 
cancerous 


Fig. 2. Later stage, with the dye almost gone from the oil. 

Epithelial invasion has ceased, and many of the droplets are 

surrounded by a layer of what now looks like ordinary epidermis, 
and are in process of extrusion (arrows) 


Fig. 3. Ear 69 days afterinjection. It has nearly returned to the 

normal. Numerous lacune where oil still persists can be seen on 

the outer (under) side of the ear ; but on its inner side, where the 
tissue was tightly bound to the cartilage, few are left 


The portion of the ear shown in Figs. 1 and 2 lies above the 
broken transverse line in Fig. 3 
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sry. In 1906, a German pathologist, seeking some 
substance that might be the cause of cancers, found 
that a dye, scharlach R, when dissolved in olive oil 
and injected beneath rabbit epidermis, would cause 
its cells to behave as if malignant’*. This finding was 
son confirmed by numerous workers : to all appear- 
ance an actively invasive, squamous-cell carcinoma 
jsealled forth by the dye (Figs. 1-3). But not for 
lg: the epidermal cells revert to the normal as its 
influence wears off. 

Here is no somatic mutation. The physical charac- 
ter and chemical activities of the neoplastic viruses, 
ag such, may well be the cause for the neoplastic 
changes they produce, changes passed on from one 
cell to another because the viruses themselves 
multiply and are passed on. 

At the time of writing, the somatic mutation hypo- 
thesis, after more than half a century, remains an 
analogy: “it is presumptive reasoning based on the 
assumption that if things have similar attributes they 
will have other similar attributes”!’. No discoveries 
that tighten this analogy have been made. Of course, 
one can assume that tumours are due to somatic 
mutations of some qualitative type unrecognized 
as yet, thus piling surmise on surmise. 

A hypothesis is best known by its fruits. What 
have been those of the somatic mutation hypothesis? 
It has resulted in no good thing as concerns the cancer 
problem, but in much that is bad. It has led within 
the year to an authoritative statement, in the lay 
Press, that since cancer is certainly due to somatic 
mutations, the possibility of having it is ‘‘inherent”’ ; 
and that this being so, the most man can ever do 
is to palliate such malignant tumours as may have 
become disseminated in the body and to avoid new 
carcinogens as well as the old. 
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Here is fatalism to blast many a hope and effort. 
Fortunately, the public, now empowering large-scale 
attempts to cure cancer, are a hard-headed generation. 
They have learned the lesson of the antibiotics, 
substances that do deeds transcending all medical 
preconceptions, 

Most serious of all the results of the somatic muta- 
tion hypothesis has been its effect on research workers. 
It acts as a tranquillizer on those who believe in it, 
and this at a time when every worker should feel 
goaded now and again by his ignorance of what 
cancer is. 
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THE CHAPELCROSS NUCLEAR POWER STATION 


By J.C. C. 


HE Chapelcross Works of the United Kingdom 

Atomic Energy Authority, which was opened 
on May 2, is situated about two miles to the east of 
Annan, Dumfriesshire, Scotland. 

The Works consists of four gas-cooled graphite- 
moderated reactors, each of 180 MW. heat design 
output with electricity generating plant of 140 MW. 
electrical net design output, together with the 
associated ancillary equipment. The output will 
comprise irradiated uranium containing plutonium 
of military grade with electricity as a by-product. 

Construction started at Chapelcross in 1955, and 
the first reactor was commissioned in February 1959. 
The existing programme calls for the station to be 
fully commissioned in March 1960. 

Early in 1955 the decision was taken to increase 
the production of plutonium for military purposes. 
At the time the construction of Calder Hall was well 
uder way. Investigation showed that the Calder 
site could only be doubled in size to give a four- 
reactor station. The increased production demands 
tequired a six-reactor programme over and above 
the two original Calder reactors. Accordingly, a site 
suitable for a four-reactor power station was sought 
reasonable proximity to the Windscale plutonium 
factory to ease the transport problem associated with 
the irradiated material. The Chapelcross site, a 
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former Royal Air Force airfield, was chosen in May 
1955. Fuel supplies for the reactors come from the 
Springfield Works of the United Kingdom Atomic 
Energy Authority in Lancashire. 

The major items of the Station are identical with 
those at the Calder Hall Works, ihe details and per- 
formance of which have becvi: described elsewhere?.?, 
but modifications based on experience at Calder Hall 
have been introduced where appropriate. There are, 
however, large differences in overall layout. As the 
Chapelcross construction plan called for a four- 
reactor station ab initio, the reactors were con- 
veniently built in line, this arrangement allowing the 
use of a single large turbine house with four adjacent 
cooling towers. Geographical compactness is thus 
achieved compared with the protracted A and B 
station layout on Calder, a factor which should ease 
operating and maintenance problems. As the station 
is about 75 miles distant from the plutonium factory 
at Windscale, it has been necessary to provide a 
water-filled storage pond for irradiated uranium to 
provide flexibility in operation and to ease the 
transport problem. 

A recent modification of design introduced on 
Chapelcross reactors Nos. 2, 3 and 4 concerns the 
introduciicr of removable graphite sleeves into all 
fuel channels, i» provide a solution to the problems 
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Fig. 1. Chapelcross Nuclear Power Station. 





of stored energy associated with irradiation damage 
of the graphite moderator. 

The results of this damage are usually described 
as Wigner effects after E. Wigner, who, in 1942, 
predicted that atoms in moderators would be dis- 
placed by fast neutrons. Those displacements could 
be permanent in the absence of annealing, with 
corresponding changes in physical properties. The 
present model assumes that a moving carbon atom 
which has suffered fast-neutron impact at first loses 
energy principally by electronic excitation. As its 
energy diminishes there is an increasing probability 
of an elastic collision with other carbon atoms and 
this creates a group of displaced carbon atoms 
situated at interstitial sites together with a cor- 
responding set of vacant lattice sites. The physical 
results of these displacements appear as changes in 
thermal and electrical conductivity, elastic constants, 
thermal expansion, Hall effect, physical dimensions 
and heat of combustion. It is the two latter properties 
which largely affect reactor design and operation. 

Changes in physical dimensions are catered for 
by utilizing the differing growth-rates along the 
various axes, by permitting adequate growth clear- 
ance where necessary and by allowing unrestrained 
growth in directions not associated with critical 
alignments. 

Changes due to heat of combustion are due to the 
stored energy, inherent in the carbon atom displace- 
ment process, which may build up as irradiation 
proceeds. 

In the event of graphite with a stored-energy 
sontent being heated sufficiently above the normal 
temperature at which irradiation occurs, release of 
the stored energy will be initiated. Moreover, after 
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sufficiently long irradiation, it is possible to have a 
stored-energy content per unit mass greater than the 
specific heat of the graphite. With the appropriate 
combination of the above circumstances, a stored- 
energy release could be self-propagating and could 
lead to high graphite temperatures with consequent 
hazard to reactor operation. 

Fortunately, the changes in physical properties are 
decreased as the irradiation temperature is raised, 
due to the increased mobility of the interstitial atoms, 
with increased probability of self-annealing. This 
factor has eased considerably the stored-energy 
problem at Chapelcross and Calder compared with 
the Windscale reactor, the respective gas inlet tem- 
peratures being 140° C. and 20° C. However, no 
further raising of inlet gas temperatures is possible 
with the existing reactors by virtue of temperature 
limits on the blow casings and inlet ducts. Accord- 
ingly, an alternative solution has been found in the 
provision of removable graphite sleeves in the 
channels, which are so designed that a small gap 1 
left between them and the bulk of the graphite. 
This gap acts as a thermal barrier between the 
moderator and the coolant, and ensures that the 
temperature of the bulk graphite is raised above its 
normal value. 

This solution has two variants in that different 
methods are possible for reactors which have operated 
and for reactors which are under construction. In 
the second case, it is possible to modify the core 
bricks prior to erection and to fit removable graphite 
sleeves without reducing channel diameters. This 
solution is being adopted for Chapelcross reactors 
Nos. 2, 3 and 4. No. 1 reactor will use the alternative 
method of sleeving, whereby ‘Magnox’ sleeves are 
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lowered into unmodified channels, if this is necessary 
inthe future. This latter operation reduces reactivity 
and channel t.ows, thus reducing power, and adds 

iably to the times during which a reactor is 
out of action. Hence the graphite sleeve solution has 
been adopted wherever possible. 

The water-filled storage pond for irradiated uranium 
is@ feature not provided at Calder Hall owing to its 
close proximity to the Windscale ponds. The addition 
ofthe pond makes Chapelcross more akin to the new 
nuelear power stations now under construction for 
the Central Electricity Generating Board and South 
of Scotland Electricity Board, these also having 
individual storage ponds. The pond at Chapelcross 
has sufficient capacity to hold a number of cartridges 
equivalent to about three reactor charges. Irradiated 
fuel will be taken to the pond using standard con- 
tainers holding twenty-four cartridges, will be left to 
decay for some months and will then be transported by 
road to the plutonium-processing plant at Windscale. 

The major functions of the pond are to ensure that 
transport delays do not affect the times during which 
areactor is out of action, and to ease the transport 
problem so far as vehicles, containers and man-power 
are concerned. 

The Chapelcross reactors, like those at Calder, can 
only be refuelled when they are shut down and when 














Sir Robert Muir, F.R.S. 


Sm Rosert Murr, emeritus professor of pathology 
in the University of Glasgow, died in his ninety-fifth 
year on March 30 at Edinburgh, where he had lived 
inretirement for some time. He was born at Balfron, 
Stirlingshire, on July 5, 1864, but soon afterwards 
his father, a clergyman, was called to Hawick, and 
hegrew up there. He graduated in arts at Edinburgh 
in 1884, M.B.,C.M. with first-class honours in 1888, 
and M.D. with honours and a gold medal in 1890. 
He entered the Pathology Department under Green- 
field with a Vans Dunlop Scholarship, and there 
began his original investigations into the reactions 
of the leukocytes. 

Muir's scientific contributions fell into four main 
divisions. First (1888-1902) there were his studies on 
leukocytosis, which established that the enormous 
increase in the number of neutrophil polymorpho- 
nuclear leukocytes found in certain infections resulted 
from proliferation and differentiation of the finely 
granular myelocytes of the bone marrow; the sig- 
nificance of the leukoblastic reaction was thus 
revealed. Secondly, studies on immunity (1903-12) 
Were concerned chiefly with the properties of hemoly- 
le antisera. Results obtained by rigorous quantitative 
methods led to a brilliant analysis of the antibody- 
complement mechanism. Inter alia, it was shown 
that, whereas complement is firmly combined with 


















the antigen, the immune-body remains dissociable. 
This is incompatible with a supposed ‘amboceptor’ 
Constitution of the latter. The existence, also, in 
ment action of two distinct factors was clearly 
oe namely (a) combining affinity for the sensi- 
< antigen, and (b) toxic action. The chief results 
ot Muir and his co-workers were published together 
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the coolant gas pressure is at near atmospheric. It 
has been found that the refuelling time virtually 
detern:ines the time the reactor is out of action, any 
necessary maintenance can be effected simultaneously, 
and hence it is essential to keep refuelling time to a 
minimum to ensure maximum production. The pond 
assists in this by providing a storage point in the 
fuel cycle and thus allowing refuelling operations to 
be almost entirely independent of external transport 
arrangements. 

The second advantage of the storage pond is that 
it permits utilization of the natural radioactive decay 
of the irradiated fuel elements. Any decay eases the 
shielding problems associated with any subsequent 
handling operations. After the delay period, it is 
estimated that it will be possible to transport from 
Chapelcross to Windscale six times as many cartridges 
per container as is possible for Calder to Windscale. 
The Chapelcross containers are about 50 per cent 
heavier, but there is nevertheless a gain factor of 
four in the number of cartridges per container, thus 
diminishing the requirement for containers, vehicles 
and man-power. 


1 J. Brit. Nuclear Energy Conf., 2, No. 2 (April 1957). 
2 Davey, H. G., et al., “Operating Experience at Calder Hall”. Second 
iSPG. Peaceful Uses of Atomic Energy, 1958. A/CONF. 


OBITUARIES 


as “Studies on Immunity” (London, 1909); they 
contributed largely to the foundation of immuno- 
logy in Great Britain. Thirdly, work on hemolysis 
in vitro led to investigations on the effects of hemo- 
lytic sera in vivo; these enabled new observations 
to be made, on the storage and utilization of iron 
(with Shaw Dunn), and on the metabolism of the 
blood pigments (with J. W. McNee); thus they 
played a substantial part in the development of 
Aschoff’s concept of the reticulo-endothelial system. 
Further work followed on the breakdown of hzemo- 
globin (with Janet Niven) and on the relation of 
hemoglobin to the liver cells (with J. 8. Young). 
Fourthly, Muir studied the evolution of cancer of 
the breast and the spread of cancer cells from the 
mammary ducts into the epidermis giving rise to 
Paget’s disease of the nipple ; his masterly account 
of these lesions is the most detailed and accurate that 
has so far been produced. 

Muir was elected a Fellow of the Royal Society in 
1911 and was awarded a Royal Medal in 1929 for his 
contributions to immunology. In 1936 he was the 
first recipient of the Lister Medal who was not 
himself a surgeon. Muir had an enormous influence 
on medical teaching both at home and abroad. The 
“Manual of Bacteriology”, first published jointly 
with James Ritchie in 1897, quickly became the 
standard work and reached its eleventh edition. In 
1924 he added the “Textbook of Pathology”, of 
which the last edition from his own pen was the 
fifth (1941). 

The secret of Muir’s greatness in his subject and 
his profound influence is not easy to define: it 
appeared to reside essentially in two qualities. In 


research, he had remarkable judgment and an almost 
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intuitive insight that enabled him to go directly to 
the heart of the problem. He also carried an aura of 
intense integrity, and in his presence insincerity 
and pretentiousness seemed to wither. He was 
called upon to serve on many committees, both 
administrative and scientific, and his advice was 
much sought by universities and Government depart- 
ments. 

To his staff and students Muir was to some extent 
an enigma. He evoked in them an outstanding 
affection and loyalty that was entirely uncourted, 
and in his professional life-time he was something of 
a legend, many apocryphal tales being told of him. 
Robert Muir was a highly cultured man, interested 
in art, literature and music, and he combined these 
with a keen delight in sport, especially golf and 
angling. He was knighted in 1934 and was the 
recipient of many honorary doctorates and fellow- 
ships. D. F. CapPpELL 


Sir Guy Marshall, K.C.M.G., F.R.S. 


Sir Guy ANSTRUTHER KNOx MARSHALL, director of 
the Imperial (now Commonwealth) Institute of Ento- 
mology during 1913-42, died in London on April 8 at 
the age of eighty-seven. 

Marshall was born in India in 1871 and educated 
at Charterhouse. Having been unsuccessful in 
entering the Indian Civil Service, he joined a firm 
of mining engineers in Salisbury, Southern Rhodesia, 
in 1895. His intense interest in natural history and 
acute powers of observation had ample scope in 
Rhodesia and, in collaboration with the late Sir 
Edward Poulton, and inspired by him, he published 
@ paper on his observations in the Proceedings of the 
Royal Entomological Society of London of 1902. In 
1906 he returned to Great Britain determined to 
devote his life to entomology, and in 1909 he was 
appointed scientific secretary to the Entomological 
Research Committee (Tropical Africa) by the Secre- 
tary of State for the Colonies. Almost immediately 
he started the publication of the now well-known 
Bulletin of Entomological Research, and his energy 
and enthusiasm were such that in 1913 an Imperial 
Bureau of Entomology was established. This new 
organization embraeed, and was supported by, all 
the countries of the British Empire ; it was to be a 
centre of information with two main functions, to 
issue a monthly periodical giving abstracts of all 
current literature dealing with noxious insects and 
to identify injurious insects sent in by workers 
overseas. The Review of Applied Entomology, the 
abstract journal, first appeared in January 1913 
and is now in its forty-seventh volume. At the 
beginning of 1914 Dr. Sheffield Neave, who had 
represented the Committee in East Africa since its 
inception, was appointed assistant director and 
eventually followed him as director of the Institute 
in 1942. 

The great value of the service that Marshall was 
building up was quickly recognized by Governments 
overseas, and first the mycologists of the Common- 
wealth, and later research workers in other branches, 
pressed for a similar service. All theseservices, covering 
practically all branches of agricultural science, are 
now grouped together in the organization known as 
the Commonwealth Agricultural Bureaux. 

As adviser on entomological matters to the Colonial 
Office, he played a very important part between the 
two World Wars in guiding the development of 
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entomological work in the Colonies and in advising 
on specific problems. He had a particular interest in 
tsetse fly research, stemming from his early experience 
of this pest in Southern Africa. Throughout his long 
life he never ceased to stimulate, inspire and help 



















entomologists from the Commonwealth, in their work Ma 
of controlling insect pests. He was a firm believer in 
commercia] companies and insecticide manufacturers ] 
employing their own entomologists, and his influence § pu 
in this direction did much to raise the standard of Ty 
insecticide products and the service rendered to the § He 
public. in 
Apart from his other activities, Marshall was a § (a 
leading specialist on the Curculionidae for more than § ist 
half a century. From 1902 until his death, he published § fo 
two hundred works on the systematics of weevils, § pu 
including the descriptions of 2,269 new species of § on 
weevils. His major works were ‘“‘A Monograph of the § wri 





Genus Hipporrhinus’ (1904), a volume of “The § mi 
Fauna of British India” (1916), “Insects of Samoa” § fy 
(1931), “Entomological Results of the Swedish J sys 
Expedition 1914 to Burma and British India” § wl 
(1948) and “The Otiorrhynchine Curculionidae of J pro 
the tribe Celeuthetini’ (1956). He identified the § to 
large quantities of weevil material received at the — me 
Institute for determination with great promptitude, J ext 
and he continued to do so after his retirement in § has 
1942, working constantly at the British Museum § 4l] 
until a very few weeks before his death. gre 

Marshall received many honours: hon. D.Sc. — (‘ol 
(Oxon.) 1916 ; C.M.G. 1920; F.R.S. 1923; knighthood § ma 
1930; K.C.M.G. in 1942. He was a corresponding 
member of the American Academy of Sciences, 
Philadelphia, honorary member of the Royal Society 
of New Zealand, of the National Institute of Science, ( 




























India, of the Entomological Society of Belgium, — cha 
of the Entomological Society of Russia and an § cas 
honorary fellow of the Royal Entomological Society § fille 
of London, Bor 
He married in 1933 and is survived by his wife — ser 
and two stepsons. He will be sadly missed by a host — Uni 
of friends in Great Britain and abroad. in } 
W. J. Hat rea 

con 

ticu 

Dr. Lynde P. Wheeler - 

Dr. LynpDE P. WHEELER died on February 1, Ro) 
at Roanoke, Virginia, U.S.A., at the age of eighty- 7 
four, after a long and active career in physics and § {oll 
radio communication. For many years he was — 20 
associated with Yale University; he graduated in — Joh 
1895 and became associate professor of physics Hoy 
during the period 1923-26. In 1918, he also spent f Gla 
some months at the National Bureau of Standards, — ™ 
Washington. On leaving Yale, Dr. Wheeler joined — 's¢ 
the U.S. Naval Research Laboratory near Washing- Zoo 
ton and, during his ten years service there, he was Gla 
associated with the application of radio and allied F Lat 
techniques to naval problems. His long experience F *tl 
in radio matters was then made available to the B the 
Federal Communications Commission, where he Res 
became chief of the Technical Information Section § Dor 
for the period 1936-46. On retirement from the B che 
Commission, he became staff-consultant to Pickard F ‘ity 
and Burns Inc., of Needham, Massachusetts. reg 
Dr. Wheeler was actively associated for many Oct 
years with the Institute of Radio Engineers (New ff Uni 
York), and particularly with its Washington section. FB oft 
He was elected a Fellow of the Institute in 1928, and — 






served as president in 1943. 
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NEWS and VIEWS 


October 1, 1959, at the Department of Physics, 


Mathematics at Newcastle upon Tyne : 
Prof. W. W. Rogosinski, F.R.S. 


Pror. W. W. RocosryskI1 retires from the chair of 
pure mathematics at King’s College, Newcastle upon 
tyne, in the University of Durham in September. 
He was appointed to the chair at King’s College 
in 1948 after a distinguished career in Germany, 
(ambridge, Aberdeen and Newcastle, having estab- 
lished an international reputation for his work on 
Fourier series and functions of a complex variable. 
During his tenure of the chair he has worked mainly 
on extremum problems in function spaces. He has 
written @ series of papers concerned with finding 
minimal representations and maximal points of linear 
functionals, with applications to extremum problems, 
systems of linear equations with infinitely many 
unknowns, generalized moment problems, and other 
problems of classical analysis. In 1954 he was elected 
to fellowship of the Royal Society. The Depart- 
ment of Mathematics, and all its activities, have 
expanded rapidly since 1948, and Prof. Rogosinski 
has given enthusiastic support and encouragement to 
all its members. He is held in high esteem and with 
great affection by his colleagues throughout the 
College, and he will be greatly missed. His mathe- 
matical zeal, however, will be sustained by his 
appointment to a chair in Denmark. 


Prof. F. F. Bonsall 


On the retirement of Prof. W. W. Rogosinski the 
chair of pure mathematics at King’s College, New- 
castle upon Tyne, University of Durham, has been 
filled by the appointment of Mr. F. F. Bonsall. Mr. 
Bonsall studied at Oxford with an interval for war 
service. After holding a temporary lectureship in the 
University of Edinburgh, he was appointed a lecturer 
in pure mathematics at King’s College and became a 
reader in 1956. His research work has been mainly 
concerned with partially ordered vector spaces, par- 
ticularly spectral properties of linear operators 
mapping the positive cone into itself. 


Royal Society Research Appointments 


Tue Council of the Royal Society has made the 
following appointments in original scientific research. 
Royal Society Research Fellowships (Mr. and Mrs. 
John Jaffé Donation) have been awarded to: Dr. G. 
Hoyle, of the Department of Zoology, University of 
Glasgow, to work on excitation/contraction coupling 
in muscle and nervous mechanism in behaviour of 


_ insects, from October 1, 1959, at the Department of 


Zoology and Institute of Physiology, University of 
Glasgow; and to Dr. J. Owen, of the Clarendon 


| Laboratory, Oxford, to work on exchange inter- 


actions in magnetic systems, from October 1, 1959, at 


| the Clarendon Laboratory, Oxford. Royal Society 


Research Studentships (Mr. and Mrs. John Jaffé 
Donation) have been awarded to: Mr. K. L. Man- 
chester, of the Department of Biochemistry, Univer- 
sity of Cambridge, to work on the mechanism of the 
regulation by hormones of protein synthesis, from 
October 1, 1959, at the Department of Biochemistry, 
University of Cambridge ; and to Dr. M. J. Whelan, 
of the Crystallographic Laboratory, Cavendish Labor- 
atory, Cambridge, to carry out investigations of 
metals by transmission electron microscopy, from 





Cavendish Laboratory, Cambridge. John Murray 
Travelling Studentships in oceanography and limno- 
logy for 1959 have been awarded to: Mr. A. D. 
Ansell, of the Marine Station, Millport, Isle of 
Cumbrae, to work on problems of the laboratory 
rearing of bivalve larve at the U.S. Fish and Wildlife 
Laboratory, Milford, Conn.; and to Mr. G. Evans, 
of the Imperial College of Science and Technology, 
University of London, to work on marine sediments 
at sea but based on the Scripps Institute of Oceano- 
graphy, La Jolla, California. 


Rockefeller Institute, New York: Fellowships for 
Foreign Students 


Dr. DETLEV W. Bronk, president of the Rocke- 
feller Institute, has announced that the Institute 
has received a bequest of approximately one million 
dollars from the estate of the late Sophie D. Fricke, 
of New York City, who died on March 1, 1958. Miss 
Fricke was born in Jersey City, but lived most of her 
life in New York where she was confidential secretary 
to many prominent business executives. Through 
wise investment of her personal savings, she created 
the fortune which she left for the furtherance of 
human welfare through support of science. The 
Trustees of the Institute, which has recently been 
transformed into a postgraduate university, have 
authorized use of the income from the Fricke fund 
for the triple purposes of fostering international 
understanding, training scientists of exceptional 
promise, and supporting significant research. To 
this end, four distinguished research fellowships will 
be awarded each year to young scientists in Britain, 
France, Denmark and Sweden for study and investi- 
gation at the Institute. The Fellows will be appointed 
by the Royal Society of London, the Paris Academy 
of Sciences, the Royal Danish Academy of Sciences 
and Letters and the Swedish Royal Academy of 
Sciences. Each Fellow will carry the designation 
of his sponsoring society. For example, the Fellow 
from Britain will be known as the Sophie Fricke 
Royal Society Research Fellow in the Rockefeller 
Institute. Each of the Sophie Fricke Fellows will 
receive an annual stipend of 10,000 dollars with an 
additional 1,000 dollars for travel in the United 
States. 

“The objective of these fellowships,” said Dr. Bronk, 
“is to foster closer relations between American 
scientists and their colleagues from abroad. It is our 
intent that the Fellows be young men and women of 
exceptional promise who are likely to be leaders in 
science in their respective countries and will, there- 
fore, ultimately be appointed to distinguished posts 
in their native lands. Having spent one or two years 
in the United States under exceptionally favourable 
circumstances before assuming posts of responsibility 
at home, these men and women will be in an unusually 
favourable position to develop the associations with 
American scientists begun while at the Rockefeller 


Institute. All the facilities of the Institute and the 
advice and guidance of the Institute’s distinguished 
faculty will be available to the Fellows; they will 
be free to work on problems of their own choosing or 
they may collaborate with one or more members of 
the Institute Faculty.” 
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Sir K. S. Krishnan, F.R.S. 


On December 3, 1958, Sir K. S. Krishnan cele- 
brated his sixtieth birthday, and to commemorate 
this event the contents of the December issue of the 
Journal of Scientific and Industrial Research included 
two special features. The first is a reprint of the 
article describing Prof. Krishnan’s distinguished 
scientific career which Prof. K. R. Ramanathan con- 
tributed to the Souvenir Volume published by Prof. 
Krishnan’s Sixtieth Birthday Celebrations Committee, 
New Delhi. The second consists of a 110-page supple- 
ment containing reports of the work carried out under 
the auspices of the Indian National Committee for 
the International Geophysical Year, 1957-58, of 
which Prof. Krishnan was the chairman and active 
director. A brief foreword to the supplement is 
followed by two short articles entitled “Sir K. 8S. 
Krishnan and the International Geophysical Year’’ 
and “Space Exploration—An Achievement of the 
L.G.Y.”, by Profs. Sydney Chapman and L. V. 
Berkner, respectively, and sections devoted to 
meteorology, geomagnetism, ionosphere, solar act- 
ivity, cosmic rays, latitudes and longitudes, glacio- 
logy, @ceanography, rockets and satellites, and 
seismology, containing twenty-four reports in all. 
India took part in every one of the fourteen divisions 
of the international programme and maintained, in 
addition to a large network of meteorological stations, 
about sixty other observation stations distributed all 
over the country. India’s geographical position and 
the vast area of the country render its particular 
contributions to the International Geophysical Year 
programme of special significance, and the detailed 
results given in the reports are a valuable addition 
to geophysical data and a stimulus to the conquest 
of space. 


The Microbiological Research Establishment 


In reply to a question regarding the work of the 
Microbiological Research Establishment in the House 
of Commons on May 4, the Minister of Supply, Mr. A. 
Jones, said that the work of the Establishment is of 
much wider interest than its aspects relating to the 
defence programme and involves fundamental studies 
in microbiology which have applications in preventive 
medicine. Mr. Jones instanced the development and 
production of a completely safe vaccine against 
anthrax and the production of raw material for Asian 
influenza virus vaccine used in the 1957—58 epidemic. 
During 1958 more than 80 articles were published by 
members of the staff in medical and scientific period- 
icals, and biological materials were regularly provided 
for use in microbiological departments engaged in 
medical research at universities and other institutions. 
In reply to a further question, the Minister said that 
it is the Establishment’s function to study the problem 
of biological warfare and much progress has been 
made. It is not now thought that botulinus toxin 
would be an effective agent, and efficient protective 
measures have also been developed. Our ability to 
assess and encounter the threat has increased with 
the growth of our knowledge of the subject from 
research, but much still remains to be done. 


Mathematics in American Secondary Schools 


“An Emerging Programme of Secondary School 
Mathematics”’, the Inglis Lecture for 1958 (pp. viii + 
44. Cambridge, Mass.: Harvard University Press ; 
London : Oxford University Press, 1959. 7s. 6d. 
net), is an account, given by Prof. Max Beberman, 


NATURE 





May 16, 1959 VOL. 183 


of a diagnostic experiment in teaching method which 
has been in operation since 1952 under the auspices 
of the University of Illinois. The investigation js 
designed to establish whether mathematicians can 
formulate a course of instruction for pupils, and a 
programme’ of training for teachers, so that the 
subject may have a greater appeal to the average 
child. The lecture postulates two fundamental prin. 
ciples for a course now being applied to the last 
four years (age range about 13—17) in twelve American 
high schools. The first principle, the need for pre- 
cision in language, is exemplified here by the ability 
to appreciate the difference between the figure ‘3’, 
the name ‘three’ which we apply to this figure, and 
the ‘number’ three which is the class of sets of three 
things. The second is the necessity for discovery as 
an aid in understanding the nature of mathematics; 
examples relate to directed numbers, the solution 
of equations and inequations (|2x + 1] < 7), the 
manipulation of algebraic expressions and _ the 
‘ordered pair’ approach to analytical geometry. In 
this account there is insufficient detail to give the 
reader @ convincing understanding of the effective- 
ness of this actual programme. Enough is said, 
however, to establish beyond doubt that only by 
such experiments in training and teaching under 
pilot conditions can the content of the syllabus in 
schoo] mathematics be settled with any real certainty, 


Language, Literature and Science 

Pror. A. NoRMAN JEFFARES’S inaugural lecture in 
the chair of English at the University of Leeds has 
been published by the University (pp. i+24. Leeds: 
The University Press, 1959. 2s. 6d.). It is a matter 
for satisfaction and congratulation that Prof. Jeffares 
has made a plea for the presentation of the best 
scientific writing as literature. On one hand, the 
scientist should consider the clearest and most cogent 
method of presenting his knowledge to those who are 
not workers in scientific fields; and on the other, 
the arts student must endeavour to understand the 
significance of the aims and methods of, and the 
changes in the world wrought by, science. “Human- 
ism must include science: a refusal on the part of 
the man trained in arts to launch himself into the 
sea of scientific thought is as dangerous for us as any 
obfuscation of that thought on the part of a scientist 
untrained in the technique of using his own language 
—‘Science is or ought to be poetry and poetry is 
knowledge, and the humanity of the future will not 
divide life but unite it’. But the humanism of the 
future depends upon our reading of the literature of 
both humanism and science, upon our listening to 
those who conserve, add to or modify both these 
traditions of humanism and science, and upon our 
own writing and speaking good English, the existence 
of which is the common bond between humanism 
and science.” 


International Federation of Societies of Cosmetic 

Chemists 

A MEETING took place in the rooms of the Chemical 
Society, Burlington House, Piccadilly, London, on 
April 15, when representatives of eight countries met 
to discuss the formation of an International Federa- 
tion of Societies of Cosmetic Chemists. This Federa- 
tion would link together the various autonomous 
national societies into an international body, capable 
of acting in such fields as international standards, 
establishment of the professional status of the c0s- 
metic scientist, publication of bulletins, abstracts and 
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nviews On cosmetic science, to name only a few. 
The countries represented on this occasion were : 
Belgium, Denmark, France, Germany, Great Britain, 
Norway, Sweden and the United States. Agreement 
was reached on @ provisional constitution. The dele- 
gates are now returning to report to their national 
societies, and as soon as possible a second council 
meeting will be held to draw up a final constitution. 
4 provisional secretariat has been established in 
London (2 Lovers Walk, London, N.3), but the final 
headquarters have yet to be agreed. 


No, 4672 


Technical Assistance under the Baghdad Pact 


Ix a written answer in the House of Commons on 
April 9, Mr. R. Allen, Joint Under-Secretary of State 
for Foreign Affairs, stated that at the sixth session 
of the Baghdad Pact Economic Committee in January 
1959, the Government announced its intention to 
make available £850,000 per annum for technical 
assistance under the Baghdad Pact. This will be used 
for the supply of equipment and technical experts to 
Turkey, Iran and Pakistan and to provide training in 
the United Kingdom for nationals of those countries. 
In addition, the Government had contributed the 
equipment for the Nuclear Training Centre in Bagh- 
dad as well as some of the staff and running costs. 
Negotiations between the Pact Organization and the 
Iraqi authorities for the disposal of this equipment 
had not yet been completed. 


Scottish Technical Education Consultative Council 


Iv a written answer in the House of Commons on 
May 1 the Secretary of State for Scotland, Mr. J. 
Mackay, announced that the new consultative body 
on vocational further education would be known as 
the Scottish Technical Education Consultative Coun- 
cil; its terms of reference would be “‘to secure the 
widest possible measure of consultation on vocational 
further education in Scotland between employers, 
employees and those responsible for its provision, and 
to advise on, and generally to promote, the develop- 
ment of such education’. Its chairman will be 
Mr. E. P. Hudson and its vice-chairman, Sir David 
Anderson. 


Government Chemist’s Department 


Ir was announced by Mr. J. E. 8. Simon, Financial 
Secretary to the Treasury, in a written answer in the 
House of Commons on May 4, that the Government 
agrees with the Linstead Committee that the arrange- 
ment whereby the Chancellor of the Exchequer is 
responsible for the Government Chemist’s Department 
is inappropriate in the present organization of 
Government scientific work. As from July 1 next, 
Ministerial responsibility for the Department will be 
transferred to the Lord President of the Council, and 
the Department will be placed in the charge of the 
Couneil for Scientific and Industrial Research. 


Building Research 


IN answer to a question in the House of Commons 
on May 5, the Minister of Works, Mr. H. Molson, said 
that the Government has for some time recognized 
that there is room for improvement in the co-ordina- 
tion of building research, and it has therefore been 
decided to place all such research under the Depart- 
ment of Scientific and Industrial Research. He is 
hot therefore re-appointing his Advisory Council on 
Building Research and Development, and in its place 
there would be a Standing Conference on Building 
Research under the gis of the Lord President of the 
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Council. The dissemination of technical information 
will remain his responsibility and he is discussing 
with the industry the many problems involved in 
providing rapid facilities for this purpose. 


Journal of Biochemical and Microbiological Technology 

and Engineering 

Ir is generally recognized that chemistry imposes 
certain special conditions on the technologists and 
engineers who work in chemical industry. Biology, 
too, possesses its own characteristics which must be 
understood by people who are proposing to use living 
cells for practical purposes in biological industry. It 
is with this in mind that three editors, two from the 
University of London and one from Columbia 
University, New York, assisted by an advisory board 
of sixteen drawn from Australia, India, Ireland, 
Italy, The Netherlands, Sweden, Switzerland, the 
United Kingdom and the United States, have 
brought out this new journal. The first number 
(Journal of Biochemical and Microbiological Tech- 
nology and Engineering, 1, No. 1; February 1959. 
Pp. 127. Published quarterly : subscription, covering 
one volume annually, £5 15s., including postage ; 
outside the United Kingdom, 15.50 dollars. New 
York and London: Interscience Publishers, Inc., 
1959) contains nine papers which nicely illustrate 
the kind of topics with which the publication is 
intended to deal. For example, an American con- 
tribution describes the separation of proteins by 
means of foam; N. W. Pirie reviews the principles 
employed in different types of presses, filters and 
centrifuges by which fluids may be separated from 
fibrous pulps on a large scale; and the British 
Flour-Millers Research Association presents a paper 
on the use of air classification as a means of varying 
the protein content of flour. Besides these, there are 
reports on equipment for the culture of algae and of 
micro-organisms of diverse kinds for various pur- 
poses, on the destruction of moulds by irradiation, 
on the evaluation of microbiological nutrients and 
on means for the removal of algae from drinking 
water. Pure and applied science must always be 
inextricably mixed. Neither physicists nor chemists 
could achieve their modern triumphs without their 
technologies. The present journal can usefully 
inform biologists about theirs. 


Locusts and Atmospheric Turbulence 


In a paper entitled ‘Flying Locusts and Atmo- 
spheric Turbulence” (Quart. J. Roy. Meteor. Soc., 84, 
334; 1958), Dr. R. C. Rainey describes the relation 
between the structures of the lower atmosphere and 
of locust swarms over eastern Africa. It is found that, 
in a convectively unstable atmosphere of very high 
lapse-rate of temperature, the locusts are carried high 
into the air in the convection currents. They are 
spread out over a considerable depth rather like a 
cumulus cloud so that there is a nearly clear space 
for some distance above the ground, while the top of 
the swarm approaches the limit of the region of high 
lapse-rate at 1-2 km. above the surface. During 
stable (isothermal) conditions, on the other hand, the 
swarm forms a thin layer at a height of a few tens of 
metres above the ground. In such conditions, locusts 
frequently settle on the ground, and take off again as 
the swarm progresses. The locust swarm is not, how- 
ever, merely carried along by the air and dispersed by 
turbulence as though it were a cloud of dust particles. 
Evidence is presented to show that, even in highly 
convective air, the swarms persist as swarms. The 
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facts presented in the paper are of importance in 
selecting suitable occasions for spraying locust swarms 
with insecticide and also, to an extent restricted by 
the little-understood coherency property of a swarm, 
in the study of convection currents. The paper con- 
tains two photographs vividly illustrating the differ- 
ence between locust swarms in convective and stable 
atmospheres. 


New Guinea 


A RECENT issue of the Australian Museum Mag- 
azine is devoted almost entirely to New Guinea (12, 
No. 12). The physical geography is described by 
D. F. McMichael and the geology by G. A. U. Stanley. 
J. S. Womersley discusses the vegetation of the 
island, while other contributors provide details about 
the mammals, birds, fishes and insects. Until the 
early 1930’s it was thought that the central region of 
New Guinea was uninhabited and uninhabitable. 
Since that time it has become known that about 
600,000 people live in the Australian territories alone. 
These, and others of the many different types of 
natives, are described by A. P. Elkin. This issue is 
also of interest for its reference to the discovery of a 
rare animal in Australia, the potoroo (Potorous 
tridactylus). This animal, which is related to the 
rat-kangaroos, is now rare in New South Wales, not 
having been recorded in the State since 1913. It is 
still common in Tasmania. The specimen obtained 
by the Museum was killed by a dog near Gosford, 
New South Wales. 


“‘Chlorothiazid in Diabetes Insipidus’’ 


Drs. John D. Crawford and G. C. Kennedy write : 
“We have recently reported that chlorothiazide has 


an antidiuretic action in experimental and clinical 
diabetes insipidus, both of the pituitary deficiency 
and nephrogenic varieties (Nature, March 28, p. 891). 
It has been brought to our notice that Drs. H. Reerink, 
Eveline E. Brongers and H. Schouten reported on the 
use of chlorothiazide in the treatment of three cases 
of nephrogenic diabetes insipidus before the Dutch 
Organization for Paediatrics at Eindhoven on 
June 15, 1958. Their rationale was ‘to impede the 
(renal) tubular reabsorption of Na and Cl in order to 
induce the excretion of these ions into the urine for 
the purpose of regulating the level of these electro- 
lytes in the blood’.. We would like to acknowledge 
their priority in the successful use of chlorothiazide 
for amelioration of symptoms in nephrogenic diabetes 
insipidus’’. 


Announcements 


Tue Challenger Society is prepared to make small 
grants for research in marine biology or oceanography 
at ar ized laboratory during the year June 
1959-60. Applications, accompanied by details of 
the proposed research, should reach the Hon. 
Secretary, Challenger Society, National Institute of 
Oceanography, Wormley, near Godalming, Surrey, 
not later than May 30. 


For a number of years the directors of the Associa- 
tions of Chemical Manufacturers in western Europe 
have found it useful to meet from time to time to 
examine together questions of common interest. In 
view of the number and scope of the problems facing 
the chemical industries of these countries at the 
present time, the Austrian, Belgian, British, Dutch, 
French, German, Italian, Swedish and Swiss Chemical 
Manufacturers Associations have decided to improve 
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their collaboration and contacts by setting up a 
Centre Européen des Federations de 1’Industrie 
Chimique, the secretarial services of which are to be 
entrusted to the Swiss Association in Zurich. 


A MEETING of the members of the Co-operative 
Research Project on Trace Elements of the United 
Nations Food and Agriculture Organization, organ. 
ized by An Foras Talintais (The Agricultural Insti. 
tute, 33 Merrion Road, Dublin), will be held in 
Dublin during May 20-23. The results of the recent 
survey of trace-element research problems made by 
Prof. T. Wallace of Long Ashton Research Station, 
Bristol, co-ordinator of the project, will be discussed 
at the meeting. Other subjects for discussion will be 
the evaluation of trace-element deficiencies in Europe ; 
the status of research on trace elements ; methods of 
trace-element analysis and methods of strengthening 
research and collaboration on trace elements. 


THE Food and Agriculture Organization of the 
United Nations will offer ten or twelve André Mayer 
Fellowships in 1959. These awards will be made 
in the following two groups: (A) Research. For 
unusually promising persons with research experience 
behind them who would offer a guarantee to carry 
out independent research work. (B) Research train- 
ing. For younger and promising individuals who 
have demonstrated an inclination towards, and an 
aptitude for, research work. The subjects presented 
must be related to the Organization’s activities. 
Further information can be obtained from the Sec- 
retariat of the Food and Agriculture Organization, 
National Committee for the United Kingdom, Ministry 
of Agriculture, Fisheries and Food, Whitehall Place 
(East Block), London, 8.W.1. 


THe Summer Meeting of the Photoelectric Spectro- 
metry Group will be held in Nottingham on June 12. 
Further information can be obtained from K. A. 
Macdonald, Unicam Instruments, Ltd., Arbury 
Works, Cambridge. 


THE seventeenth International Congress of Pure 
and Applied Chemistry will be held in Munich during 
August 30-September 6. Further information can be 
obtained from Dr. R. Morf, c/o Sandoz, S.A., Basle 
13, Switzerland. 


THE Scientific and Technical Group of the Royal 
Photographic Society is holding a symposium on 
Photography in the International Geophysical 
Year on June 6 in the Adam House Theatre, 
Chambers Street, Edinburgh 1. Further information 
can be obtained from Mr. D. Brownbill, Technical 
Service Department, Ilford, Ltd., Ilford, Essex. 


THE Eastern New York Chapter of the American 
Society for Metals will sponsor a conference on the 
Fracture of Engineering Materials during August 
23-25 at the Rensselaer Polytechnic Institute, 
Troy, New York. Further information can be ob- 
tained from Richard W. Hardt, General Engineering 
Laboratory, General Electric Company, 1 River 
Road, Schenectady, N.Y. 


THE summer courses of the Italian Physical 
Society’s International School of Physics will be held 
in the Villa Monastero, Varenna, during June 15- 
September 15. Courses will be held on thermo- 
dynamics of irreversible processes ; weak interactions; 
solar radio-astronomy ; physics of plasma; experi 
ments and techniques. Further information can be 
obtained from the Societa Italiana di Fisica, Via 
Saldini, 50, Milano. 
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THE FONTECHEVADE SKULLS AND THE ORIGIN OF 


HOMO 


HE long-awaited full report on the human 

remains from the Fontéchevade Cave (Charente) 
in south-western France, where in August 1947 the 
fragmentary skulls of two individuals associated with 
a Tayacian industry were discovered by Mlle G. 
Henri-Martin, has now been published*. The 
paleontological and chemical evidence of their age, 
taken in conjunction with that of archeology and 
dratigraphy, points to an early part of the Riss- 
Wirm interglacial—some authorities favour the 
Riss glaciation itself—or a time preceding the advent 
of the Mousterian culture associated with Neanderthal 
man. Fontéchevade I consists of a small piece of the 
glabellar region of the frontal bone, and Fontéchevade 
II, which has been affected by burning, of almost the 
whole left parietal, the upper half of the right parietal, 
and the upper portion of the frontal. 

Prof. H.-V. Vallois concludes that Fontéchevade I 
belonged to an adult subject of probably female sex. 
It is slightly thicker than the corresponding region in 
modern European frontals and does not show any 
marked development of the glabella, its most charac- 
teristic feature for so ancient a specimen being the 
complete absence of a supra-orbital torus. His 
study of Fontéchevade II is lengthy and thorough, 
involving comparisons of separate characters with 
those of Lower and Middle Paleolithic fossil skulls 
from Europe and western Asia. In this the defective 
state of the specimen necessitated the making of 
assumptions in the reconstruction of certain missing 
regions. According to Prof. Vallois, its owner was 
probably male and 50-60 years old at the time of 
death. The cranial capacity he determines from one 
of the Lee—Pearson reconstruction formule based on 
calvarial length, breadth, and auricular height 
(measured from the biporial axis to the apex and 
not, as erroneously stated in Rudolf Martin’s 
“Lehrbuch der Anthropologie”, to the bregma), less 
50 cm.* as an allowance for exceptional thickness of 
bone, to be 1,470 em.*. A preferable formula would 
seem to be the corresponding one of Hooke’, used by 
Morant to estimate the capacity of the Swanscombe 
skull, which, with the same deduction as before, yields 
an even higher figure of about 1,550 cm.® for Fonté- 
chevade II. However, the arbitrary nature of such 
estimates from incomplete material must be stressed. 
The dimensions of the skull are in any event consider- 
able. As seen from above, the vault is pentagonal, 
the greatest breadth is situated at a low level, and the 
biasterionic diameter has a high value. The frontal 
bone, like that of Fontéchevade I, apparently lacks a 
‘orus and has no post-orbital constriction. There 
8 an absence of parietal foramina, which it shares 
with the majority of the more ancient representatives 
of fossil man. 

The fourth chapter of Prof. Vallois’s monograph is 
an attempt to assess the taxonomic position of the 
Fontéchevade Tayacians, whom he now compares 
n bloc first with three different ‘Neanderthal’ groups, 


*: Archives de l'Institut de Paléontologie Humaine, Paris. Mémoire 
Pay La Grotte de Fontéchevade. Deuxiéme partie: Anthropologie. 
Pat Heari-V. Vallois. Troisiéme partie: Géologie et Paléontologie. 
Phy! Alimen, C, Arambourg et A. er, avec la collaboration 
Pak Henri-Martin, J. Berlioz et J. Bouchud. Pp. 262+6 planches. 
‘Paris: Masson et Cie., 1958.) 
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namely, the ‘classic’ Neanderthals of the last or 
Wiirm glaciation in Europe, the pre-Neanderthals 
of the same continent, including the Ehringsdorf 
and the two Saccopastore skulls, all from the Riss- 
Wiirm interglacial, and the Steinheim skull, probably 
of Rissian age, and the Palestinian Neanderthaloids, 
dating from the Riss-Wiirm or the Wiirm I-II 
interstadial; then with European fossil Homo 
sapiens ; and finally with the Swanscombe skull from 
the Mindel-Riss. So far as the classic Neanderthals are 
concerned, Prof. Vallois points out numerous distinc- 
tions between these and the Fontéchevade skulls, a 
categorical one being the form of the forehead and in 
particular the absence of a supra-orbital torus in the 
Tayacians, a feature also separating them from the 
remaining two ‘Neanderthal’ groups treated by him. 
He replies to critics who, broadly speaking, are uncon- 
vinced that the Fontéchevade fragments can be 
distinguished in any definitive way from the pre- 
Neanderthals of Europe, and stresses the close resem- 
blance that exists between Fontéchevade IT and the 
Swanscombe skull. 

Prof. Vallois then devotes a substantial portion of 
his text to the ‘Presapiens’ concept, that is to say, the 
reasons in favour of the existence of a line of fossil 
men who, while more ancient than the classic Neander- 
thals, nevertheless differ from them and from the pre- 
Neanderthals in the complete absence of a supra- 
orbital torus and display in this and other characters 
an approach to Homo sapiens. He discusses in turn 
the development of this concept and the claims for 
various finds to be included in the ‘Presapiens’ 
category. Briefly, only three individuals qualify, 
the two from Fontéchevade and the Swanscombe 
skull, of which the frontal bone is missing. He next 
considers the argument that the Swanscombe skull, 
if its frontal were present, could have been furnished 
with a torus as developed as that of the almost 
contemporary Steinheim skull, a suggestion first 
made by Morant, who pointed out the similarity in 
bone thickness and in the conformation of the occiput 
between Swanscombe and Steinheim. A provisional 
diagnosis of ‘Presapiens’, based on the traits of the 
Fontéchevade and Swanscombe skulls, is followed by 
the statement that it represents a primitive form of 
Homo sapiens, from which ‘Presapiens’ was probably 
not specifically distinct and of which it ought logically 
to be considered as an initial stage. 

In his fifth chapter Prof. Vallois reviews the theories 
of the origin of Homo sapiens, which he classes under 
three main heads: (1) direct derivation from classic 
Neanderthal man, (2)derivationfrompre-Neanderthals, 
and (3) derivation from a source independent of either, 
that of ‘Presapiens’. The essentials of the case for 
each are set forth with the lucidity and encyclopedic 
knowledge of which the author is so remarkable an 
exponent. Naturally enough, the solution that he 
himself favours is the third one, that which envisages 
a@ separation of the lines leading respectively to 
Homo sapiens and to the classic Neanderthals in the 
Lower Pleistocene and perhaps no earlier than its 
post-Villafranchian phase. 

Presented though they are with the skill and 
authority that Prof. Vallois commands, the arguments 
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in support of the ‘Presapiens’ thesis, as expounded 
by him, have had a mixed reception among students 
of human paleontology. Thus the veteran Prof. 
Sergio Sergi, in a paper devoted to the Swanscombe 
and Fontéchevade remains*, emphasizes the uncer- 
tainty of an adequate morphological diagnosis from 
them owing to their incompleteness. While acknow- 
ledging that they possess some traits in common with 
Homo sapiens such as the absence of a supra-orbital 
torus in Fontéchevade and certain metrical features 
in Swanscombe, he believes that their platycephaly, 
great biasterionic diameters, and posterior expansion 
of the base of the parietals are structurally archaic 
features the importance of which has been under- 
estimated. In other words, it is not possible to recog- 
nize different pre-Neanderthal and ‘Presapiens’ groups 
much before the Wiirm. For Sir Wilfrid Le Gros Clark 
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the morphological traits of Swanscombe and Fontéch. 
evade as well as those of other European fossils, fo; 
example, Steinheim, Ehringsdorf, Krapina and Sacco. 
pastore, do not justify their specific separation from 
Homo sapiens*. This view, then, while acknowledging 
the sapient features of Swanscombe and Fontéchevade, 
does not differentiate them taxonomically from forms 
which Prof. Vallois would classify as pre-Neanderthals, 
and it regards classic Neanderthal man as comprising 
an aberrant evolutionary line which left the pre. 
cursors cf modern man when they had already 
attained a stage at which they were indistinguishable 
from Homo sapiens. J. C. Trevor 


' Biometrika, 18, 1 (1926). 

2 J. Roy. Anthrop. Inst. , 68, 67 (1938). 

5 Riv. Antrop., 40, 65 (1953). 

‘“The Fossil Evidence for Human Evolution” (Chicago, 1955). 


PLANT ECOLOGY OF ANCIENT PERIODS 


HREE paleobotanists contributed papers to a 

symposium on paleoecology held at the Linnean 
Society on March 19. They agreed on a wide definition 
of ecology, being ready to include almost anything 
that could be learnt from plant fossils, apart from 
their taxonomy and their morphology. After that, 
each speaker went his own way and confined himself 
to material he had studied in both the field and 
laboratory. 

Dr. Kathleen Chesters spoke about the Tertiary 
floras of the coastal parts of Kent, Sussex, Hamp- 
shire, Dorset and Devon. She emphasized how 
difficult collecting has now become in this stretch of 
coast ; and also dealt with the cliffs of Mull, where 
one can do little without explosives (Starkie Gardener, 
the pioneer, used dynamite). She dealt mainly with 
the nature and validity of evidence; apart from 
deductions from geology and from fossil animals, we 
have two main kinds of evidence from plants. 

First, there is ecological form and ecological 
anatomy. The plant world of the Tertiary seems so 
like our own, and plants appear to have changed so 
little that we can reasonably use arguments based on 
the modern plant world. For example, we know that 
the proportion of trees with leaves (or leaflets) with 
entire margins ‘increases from cool climates to the 
tropics. Then, also, leaves with drip tips are much 
commoner in rainy than in dry climates. Growth 
rings in wood indicate seasonal growth, and to-day, 
usually a winter resting season. All this evidence is 
available without a specific or generic determination, 
but where there is such determination it is possible 
and legitimate to inquire in what climatic zones most 
of the genera flourish to-day; or even in what 
country they are found. Where both lines of evidence 
coincide, as in general they do, one has impressive 
evidence. Dr. Chesters briefly made a case for 
likening the Eocene floras to those of Malaya, but 
the Mull flora (not yet securely dated) to the warm 
temperate floras of China and Japan. 

Prof. T. M. Harris (Reading) said that the cor- 
responding arguments were largely useless in the 
Jurassic because nothing like the Jurassic flora exists 
anywhere on earth. A quarter of the species belong 
to extinct families and the rest to relic families (like 
Gingko and Thyrsopteris and Matonia). Gymnosperm 
leaves are too different from those of angiosperms to 


allow reasonable comparison of their ecological form, 
and he suggested that the more tender ones were 
simply deciduous and the tough ones evergreen. He 
could not answer reasonable questions about past 
climates, but could only supply unexpected ecological 
crumbs, such as that forest fire was widespread and 
rather frequent in the Jurassic. 

In the Yorkshire Deltaic flora the frequency of 
ferns might indicate a humid atmosphere, but the 
rarity of epiphytes rather suggests dryness. He 
showed that the Delta included three floras, swamps 
of Hquisetum, often preserved intact; trees and 
herbs of the river banks represented by detached 
leaves but nowhere preserved as they grew, and, 
finally, tiny plant fragments. These last are the most 
varied, numerous and widespread and may represent 
floras of inland habitats washed down by occasional 
floods. 

Dr. W. 8. Lacey (Bangor) dealt with his recent 
experiences when collecting in the Karoo series of 
the Upper Zambezi in Southern Rhodesia. He drew 
more on geological evidence than the previous 
speakers. This great series of inland origin extends 
from the Upper Carboniferous to the Jurassic. It 
begins, as in South Africa, with Dwyka glacial 
deposits (tillites and varved clays), but farther north 
in Nyasaland there is no glacial deposit but only 
torrent-carried boulders. 

The earliest floras are too little known to be useful, 
but the succeeding rich flora of Upper Wankie sand- 
stone and the 40-ft. thick coal seam are taken to 
indicate good conditions for plant growth. The 
admixture of Glossopteris, Gangamopteris and of 
Northern (mostly European) Upper Carboniferous or 
Lower Permian species was also held to indicate 
warmth, since they are supposed to have lived ina 
very warm climate in Europe. Later stages, though 
still with a rich Glossopteris flora, have lost both the 
genus Gangamopteris and the Northern species. They 
are followed by Triassic floras with Dicroidiwm and 
the conifer-like Dadoxylon the growth rings of which 
seem significant. Still later there are freshwater 
concretionary limestones which may indicate evap- 
orating lakes, and finally extensive fossil sand dunes 
indicating a hot, dry desert. 4 

Dr. Lacey said he hesitated to regard Gangamopters 
as an indicator of a glacial or even cold climate. He 
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thought the whole sequence indicated a progressive 
warming and desiccation of the climate, though inter- | 
rupted by seasonal torrential rains. At several stages 
no plants are known, but their presence is indicated by 
herbivorous reptiles, and the appearance of Crustacea 
characteristic of the European Carboniferous may 
indicate considerable warmth in the later stages. 

In the discussion (which proved to have needed 
more time than was allotted) many observations were 
made. Dr. Chesters confirmed the existence of man- 
groves in the English Eocene and also stated that 
epiphytes had still not been found. There were 
apparently opposed statements about the rate of 
decay of plant remains in tropical muds which called 


WEATHER MODIFICATION 


HE National Science Foundation has recently 

initiated a programme in which 1,130,000 dollars 
will be distributed in thirteen grants for laboratory 
research, field experiments and conferences on 
meteorological methods directed toward modification 
of weather. The programme aims at an intensive 
study of the scientific basis of weather control, 
through the support of scientists working in cloud 
physics and allied fields. 

Seven of the grants will make extensive use of 
experiments in the field to study the formation and 
characteristics of clouds, and possible changes in 
clouds induced by man. 

Horace R. Byers and Roscoe R. Braham of the 
Department of Meteorology, University of Chicago, 
have received a grant of 114,300 dollars for a study of 
the physical effects of silver iodide seeding over the 
Great Plains. Cloud seeding in mountainous areas 
of the Pacific coast appears to result in measurable 
increases in precipitation. Over the flat terrain of 
the Great Plains, however, positive results have not 
been shown. This project will therefore release silver 
iodide nuclei from aircraft and investigate the 
resultant physical changes in the clouds themselves, 
rather than attempt to measure statistical departures 
in precipitation. 

A. Richard Kassander, Louis J. Battan, and James 
E. McDonald of the Institute of Atmospheric Physics, 
University of Arizona, have received a grant of 
161,800 dollars to study the physics of clouds and of 
cloud modification. In recent cloud-seeding experi- 
ments it was discovered that mean rainfall was 
approximately 30 per cent higher on seeded than on 
non-seeded days, and lightning flashes were about 
tine times more numerous on seeded days. These 
investigations will continue in an attempt to improve 
knowledge of the development of clouds, precipitation 
and electrification. 

Robert D. Elliott of Aerometric Research, Inc., 
Goleta, California, will conduct an investigation of 
precipitation processes and efficiency of Pacific coast 
storms with a grant of 90,500 dollars. Statistical 
data on west coast storms are already available from 
the Statistical Laboratory of the University of 
California at Berkeley, and elsewhere. An intensive 
effort will now be made to obtain physical data on 
West coast storms, including water content, nuclei 
number, potential gradient, and standard meteorolo- 
gical parameters. This will then be combined with 
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for a series of experiments to find out the truth. One 
of the Upper Karoo plants (Lepidopteris stormber- 
gensis) was compared with a modern waterside 
aquatic herb, with which it agrees in that some small 
leaves, presumed to be lower ones, have more 
numerous stomata above than below. Its other 
leaves are normal. Others pointed out that lime- 
stones are forming to-day in East African lakes 
quite apart from evaporation of the water. 

Dr. Hamshaw Thomas ended the discussion 
fittingly by suggesting that the early floras, like none 
on earth, grew in climates like none on earth to-day, 
but just how these climates differed he left us to 
ponder. Tom M. Harris 


IN THE UNITED STATES 


the statistical data to develop, it is hoped, a complete 
model of a west coast storm. 

Dwight B. Kline of the United States Weather 
Bureau, Department of Commerce, will direct an 
18-month programme with a grant of 68,900 dollars, 
on synoptic observations and studies of freezing 
nuclei anomalies. It has been observed that about 
30 days after known meteor showers on the Earth, 
a peak is reached in the number of freezing nuclei 
in clouds, in widely separated geographical locations. 
Other apparent coincidences between meteor showers 
and freezing nuclei have been noted. The U.S. 
Weather Bureau will conduct a systematic collection 
of results on freezing nuclei taken at widely scattered 
places at the same time. It is hoped that definitive 
information on the effects of meteoric dust on cloud 
nuclei can be obtained from this study. 

The Atmospheric Research Group of Pasadena, 
California, will receive a 57,100 dollar grant to conduct 
field studies in cloud physics related to nucleation, 
hydrometeor development, electrification, and cloud 
dynamics. Field studies of small, ‘simple’ clouds will 
be conducted to investigate the effects of time, 
temperature, humidity, and drop-size on nucleation. 
Cloud seeding will be used as a research tool, most of 
the field measurements being carried on in the region 
of Flagstaff, Arizona. 

The National Science Foundation has transferred 
50,000 dollars to the Office of Naval Research in support 
of cloud electrification studies by A. D. Little, Inc., 
under the direction of Bernard Vonnegut. This work 
involves studies of the precipitation process and the 
processes at work in the electrification of thunderstorms. 

Meteorology Research, Inc., will receive, subject to 
satisfactory completion of negotiations, a 40,000 
dollar contract for two-year cloud-physics studies 
at Santa Barbara, under the direction of Paul 
MacCready, using radar to describe individual storms 
in great detail, to determine differences between 
storms, and formulate hypotheses on the relative 
seedability of various storms. 

A laboratory project will be carried out in the 
Department of Meteorology of the University of 
Chicago, where Horace R. Byers has received a three- 
year grant of 383,700 dollars for research in cloud 
physics, covering the factors believed to be important 
in precipitation mechanisms: particles and nuclei, 
ice nucleation processes, and the growth of ice 
crystals and water droplets. 
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Two grants have been made for statistical evalua- 
tion of cloud-seeding experiments. J. Neyman of 
the University of California at Berkeley will direct a 
group in the Statistical Laboratory on randomized 
cloud-seeding experiment under a two-year grant of 
64,900 dollars. Such experiments have been con- 
ducted for two years in Santa Barbara and Ventura 
counties, and will be continued. The data available 
will be subjected to statistical scrutiny independent 
of any a priori hypotheses concerning the distribution 
of rainfall, using non-parametric statistical methods 
with the aid of a high-speed computer. 

Max A. Woodbury of the Department of Mathe- 
matics, New York University, will make a two-year 


study of the statistical evaluation of weather modifica. 
tion with a grant of 58,800 dollars. 

Three grants in support of conferences have also 
been made. The American Geophysical Union has 
received 25,000 dollars for a conference on ‘‘Mechan. 
isms of Precipitation Formation”. The National 
Academy of Sciences-National Research Council has 
received 10,000 dollars for a conference on the 
“Design and Conduct of Research Programmes in 
Weather Modification”, under the direction of §, §. 
Wilks of the Division of Mathematics. The Founda. 
tion for Instrumentation Education and Research 
received 5,100 dollars for a conference on “Instru. 
mentation for Cloud and Weather Modification”. 


PERSONNEL MANAGEMENT IN PERSPECTIVE 


N inquiry into the reasons why modern per- 

sonnel management is experiencing a crisis in 
its development, and why it is not producing better 
work through happier employees, has recently been 
made by Col. L. Urwick*. The major weakness in 
modern personnel management is, he suggests, its 
lack of integration into the organizational] structure 
of businesses. There are many historical reasons for 
this trend and it needs urgent remedying. The 
corrective needs to be introduced at the very 
top of industry, by the leaders of business them- 
selves. 

The final strength of a business is no more than 
the collective strength of the individuals composing 
it. This has been known for years and in the past 
two decades business has invested millions of pounds 
in various schemes of personnel management. The 
expected results have not been achieved. The work- 
force remains obstinately unmoved, and management 
itself has its doubts. One reason is that business 
still looks on its employees as ‘economic men’ seeking 
exclusively economic objectives, whereas in reality 
social objectives are more important to most em- 
ployees. Another reason is that employees are seen 
as individuals and not as members of a social group. 
The effort of personnel management is not directed 
towards achieving high morale through the social 
group. The test of a good personnel policy is high 

* Institute of Personnel Management. Occasional Papers, No. 18 : 
Personnel Management in Perspective—Suggestions on the Correct 


Place of Personnel Activities in Business Organization. By L. Urwick. 
Pp. 23. (London: Institute of Personnel Management, 1959.) 4s. 





morale, a matter not so much of doing things 
materially for employees, as of stimulating them to 
achieve something together. High morale requires, 
above all, leadership from the chief of the enterprise. 

Historical trends have weakened the leadership 
content in personnel management. Personnel 
activities have become something ‘tacked on to’ a 
business because of the need for specialization, and 
this has prevented the personnel officer from obtain- 
ing the authority which should have accompanied 
his specialized responsibility. The solution is to 
make the ‘line’ manager at every level more directly 
responsible for personnel activities, using the per- 
sonnel officer more fully for advice. 

‘Line’ managers, especially at the heads of 
businesses, have found themselves overloaded in 
attempting to discharge their personnel respons- 
ibilities. The solution is to develop the use of general 
staff officers who can relieve their chiefs of details in 
all their functions. The possibilities here have long 
been understood by the Armed Services but are still 
not exploited in business. 

Personnel management has suffered from the 
growing pains of the new kind of management, 
which acknowledges a much greater social respons- 
ibility, but is fitful in its efforts to shoulder the new 
burdens. Personnel men were given sometimes too 
much authority, sometimes too little. The solution 
is patient, sustained and prudent effort over many 
years by business leaders to get a personnel policy 
working well within their organization. 


HAMATOLOGY 


NUMBER of the British Medical Bulletin (15, 

No. 1; 1959) has attempted to review some of 
the many important advances that have been made 
in hematology in the past few years. This, in a 
series of fourteen articles, the contributors have done 
in a most stimulating and readable manner. The 
subject-matter covered includes the deficiency 
anzmias, the chemistry of normal and abnormal 
hemoglobins and their inheritance, hemolytic 
anzemias, the leukemias, the life-history of the 
lymphocytes and bone marrow culture. 

Many of these reviews are particularly stimulating. 
The description of the life-history of the lymphocytes, 
cells which hitherto have been somewhat mysterious 
cells, shows that the usual concepts of their life 
within the body must be reconsidered. 


Normal hemoglobin synthesis is presented in 
contrast to a description of the chemistry of the 
abnormal hemoglobins. Modern methods of electro- 
phoresis and chromatography have shown that the 
sole difference between normal adult and sickle-cell 
hemoglobin lies in the substitution of one amino- 
acid for another in one of their constituent peptides. 
Similarly, the exact defects in other abnormal hemo- 
globins are being elucidated. 

The alterations of red cell structure in other forms 
of hemolytic anzemias are described where (either 
due to inherited or acquired defects) chemical 
changes in the lipoid, protein, glutathione or glyco- 
lytic systems can be demonstrated. Other aspects 
the hemolytic mechanisms are covered by reviews of 
the latest modifications in our knowledge of the 
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grology of acquired hemolytic anzmias, and descrip- 
tions of the methods of determining red cell survival 
and the sites of red cell sequestration using radio- 
active chromium-51l. 

The topical problem of the factors that are im- 
plicated in the causation of leukemia are discussed 
together with the latest methods of treatment in 
chronic leukemia. 

In these articles faults and omissions are few, but 
the effects of ionizing radiation in the causation of 
leukemia could have been discussed more fully in 
view of the current national and medical interest in 
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this subject. The reader is left in some doubt as to 
the exact percentage of foetal hemoglobin that can 
be accepted as abnormal. Similarly, it has not been 
clarified whether folic acid-levels can be measured in 
plasma or serum of normal persons not receiving folic 
acid therapy, a point of considerable importance in 
the recognition of folic acid-deficient states. 

This number of the British Medical Bulletin is a 
valuable addition to the literature of hematology 
and should be read by all practising hematologists and 
by all clinicians, biochemists and students who have an 
interest in this ever-growing subject. A.A. SHARP 


IDENTITY OF THE a-CHAINS OF ADULT AND FETAL HUMAN 
HAMOGLOBINS 


By J. A. 


HUNT 


Medical Research Council Unit for Molecular Biology, Cavendish Laboratory, Cambridge 


‘THE globins of human foetal and adult hemo- 

globins (hemoglobins F and A) are known to 
differ in several ways’, Hemoglobin F contains 
more threonine, serine, methionine and tryptophan, 
and less proline, alanine, valine and histidine than 
hemoglobin A ; it also contains zsoleucine not present 
in purified samples of hemoglobin A%?, Hemo- 
globin F is more stable to alkali than hemoglobin 
A, and in the erythrocyte hemoglobin F has a 
greater affinity for oxygen’. 

Hemoglobin F was shown by Schroeder and 
Matsuda* to consist of two pairs of polypeptide chains 
with N-termini, valyl-leucine and glycine. Since 
Rhinesmith e¢ al.4 had shown that hemoglobin A 
consists of two pairs of polypeptide chains with N- 
terminal sequences valyl—leucine 
and valyl—histidyl—leucine, called 
the «- and 8-chains, it was sug- 
gested that the valyl—leucyl (ca) 
chains of hemoglobins A and F _ 
might be identical’. I have 
separated and compared these 
chains and find that, so far as 
can be judged by the methods 
used, they are indeed identical, 

Hemoglobin F was separated 
from cord-blood oxyhzemoglobin 
by chromatography on a column 
of ‘Amberlite IRC 50’. Using 
a buffer (composition 3-9 gm. 
NaH,PO,2H,O plus 2-66 gm. 
Na,HPO, per litre), which had 
had its pH adjusted to 7-18 at 
25°C. with 2N potassium hy- 
droxide, hemoglobin F was eluted 
at the solvent front. 

The constituent polypeptide ’ 
chains of the globins, prepared by ‘ 
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an impurity than fraction A2 and so was used in 
preference to A2. 

After dialysis and lyophilization the fractions were 
subjected, without further denaturation, to tryptic 
digestion and chymotryptic digestion of the trypsin- 
resistant cores, in an autotitrator®.® using a ratio of 
enzyme to protein of about 1: 100. The resulting 
peptides were separated by electrophoresis, followed 
by chromatography using Ingram’s ‘fingerprint’ 
technique’. 

Fig. 2 shows ‘fingerprints’ of the tryptic digests of 
fractions Al and F'l and the chymotryptic digests of 
their trypsin-resistant cores. The patterns are seen 
to be identical. Their identity was further confirmed 
by specific tests for arginine, histidine, tryptophan, 
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With urea at pH 1-9 on an ‘Amber- 
lite TRC 50’ column’. The chrom- 
atograms of both globins show 
two peaks (Fig. 1), allowing frac- 
tions Al, 42 and A3 and Fl and 
F2 to be isolated. Fraction A3 
contains less of fraction Al as 
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1 2 
Effluent (litres) 


Fig. 1. Chromatograms of the globins A (700 mgm.) and F (300 mgm.) on 
‘TRC 50’ resin. The urea gradient was made by running 8 M urea at pH 1:9 
into 1 litre of 2 M urea at pH 1-9. Because of the uncertainty of locating the 
exact starting point of the urea gradient, the positions of the peaks Al and 
F1 have been adjusted slightly to coincide exactly. The two arrows mark 
the points at which 8 M urea at pH 1-9 was used to complete the elution. 
—+—-+—, globin A; —x—x—, globin F; ---- , urea 
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Table 1. RATIO OF TYROSINE TO TRYPTOPHAN OF seco Al ANp 
F1 DETERMINED BY TWO DIFFERENT METHO 

(a) Spectrophotometric determination, average of seed values, 

(6) Determined by specific stains on ‘fingerprints’. 
















(6) No. of = 
Fraction | (a) _Tyrosine_ containi 


















Tryptophan ieumer , ae 
Al 3-0 3 1 
Fl 3-1 3 1 












Table 2. AMOUNTS OF DINITROPHENYL PEPTIDES AND AMINO-ACIDs 

DETERMINED SPECTROPHOTOMETRICALLY, BY ELUTION FROM A PAPER 

CHROMATOGRAM, FROM 1 HR. HYDROLYSATES OF THE DINITRO- 
PHENYLATED F1 AND F2 FRACTIONS 


val, valine or valyl; leu, leucine; gly, glycine 
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Fig. 2a. ‘Fingerprints’ of the tryptic digestions of fractions A1 Fraction | 0.D.350myz | O.D. 360 mz val-leu + val 
and F1 val-leu + val + gly 











val-leu val gly 


Fl 0-71 0-12 0-02 0-98 
F2 0:16 0-03 1-05 0-15 


























alcohol buffered at pH 8-4 (ref. 14). Measure. 
ments of the ninhydrin coloration eluted from the 
chromatogram showed that the ratio of isoleucine to 
leucine is less than 1 : 100 in Fl and approximately 
1:6 in F2. 

Fingerprints of the F2 and A3 fractions show many 
differences, which account for all the differences in the 
fingerprints of the whole globins A and F (Fig. 3). 

Ingram has shown’ that the amino-acid changes 
which characterize the mutant hemoglobins §, C, Dg 
and E occur in peptides of the B-chain of hemoglobin 
A, whereas those of hemoglobins I and D« occur in 
the a-chain. In order to account for the genetic 
data of a family carrying the genes for hemoglobins 
S and G, Schwartz e¢ al.'® proposed that there are 

‘ . . two genes controlling the synthesis of hemoglobin A; 
"iturin and the same proposal has been used by Smith and 
Torbet'* in their study of Hopkins-2 hemoglobin. 

tyrosine and sulphur’, and by the identity of the Neither hemoglobin G nor Hopkins-2 hemoglobin 
ratios of tyrosine to tryptophan determined spectro- has yet been characterized chemically, but it is 
photometrically™ (Table 1). possible that each of the two genes controls the syn- 

The N-terminal end-groups of the chains were thesis of one of the chains of hemoglobin A. If s0, 
determined allowing the fractions in 8 M urea to then the synthesis of each of the chains of hemoglobin 
react with 1-fluor-2.4-dinitrobenz- 
ene at pH 8 and 38°C. (ref. 12). 
Table 2 shows that, on hydrolysis HAMOGLOBIN A HAMOGLOBIN F 
for an hour, dinitrophenyl valyl— 
leucine is the main product from 
F1 and dinitropheny] glycine from 
F2. Since F1 is the same as A], it 
must correspond to the «-chain of 
hemoglobin A as defined by 
Rhinesmith e¢ al.4. Hydrolyses for 
15 min. of the dinitrophenylated 
fractions Al and A3 showed that 
Al contained mainly N-terminal 
valyl—leucine, confirming that it 
is the «-chain, while A3 contained 
virtually none. It was not possible 
to isolate di-dinitrophenyl valy]l— 
histidyl-leucine. These results for 
Al are in agreement with those of 
Ingram using the Edman degrada- 


tion’, Leucine and isoleucine 


were separated from 22-hr. hy- ~ oe 


drolysates of fractions Fl and 


2 * Fig. 3. Tracings of fingerprints of the ccysele digests of gebine Aand F. a marks peptides 
¥2 on @ one-dimensional chrom in the valyl-teenyl (a}-cbaina of globine A and’ Fp mar ks peptides in the valyl-histidy) 
atogram using 1:1 benzy] : butyl (8)-chain of globin A and in the glycyi (2)-chain of globin F 
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F may also be controlled by a different gene, which 
would suggest that the a-chains of hemoglobins 
A and F are controlled by the same gene. This 
possibility could be tested by studying the hzemo- 
globin F from individuals carrying hemoglobins with 
z-chain mutations, such as!* hemoglobins I or Dz. 
If the same gene controls the synthesis of the «-chains 
of both the foetal and adult forms, an abnormal 
fetal hemoglobin would be found. In individuals 
carrying mutations in the @-chain of adult hemo- 
globin, the foetal hemoglobin is apparently normal, 
as is to be expected. On the other hand, one would 
predict the existence of abnormal foetal hemoglobins 
containing 8-chain mutations associated with normal 
adult hemoglobins!’. Furthermore, only the gene 
controlling the B-chain would be affected in the switch- 
over from foetal to adult hemoglobin synthesis. The 
hemoglobin system therefore offers opportunities 
for studying the control mechanism of gene action. 

Ithank Dr. Rayburn and the staff of the Cambridge 
Maternity Hospital for generously supplying the 
samples of cord blood, and Drs. Smith and Wilson 
(Ottawa) for allowing me to see the manuscript of 
their paper before publication. I am much indebted 
to Drs. 8S. Brenner and M. F. Perutz for their helpful 
discussions and encouragement. 

I am grateful to the Medical Research Council for 
a Scholarship. 

Note added in proof. I have just learnt that Drs. 
J. R. Vinograd and W. A. Schroeder, at the Cali- 
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fornia Institute of Technology, have obtained similar 
results by a different method. 


a —— - ri a ano A-F differences can be found in: (a) White, 
Beavan, G. H., Brit. Med. Bull., 15, 33 (1959) ; and 
é) fined, nm. A, rope Protein Chemistry”, 18, 215 (1957 . 
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DARK FIXATION OF CARBON DIOXIDE IN KALANCHOE 
BLOSSFELDIANA IN RELATION TO PHOTOPERIODISM 


By Dr. G. ZABKA*, Pror. F. G. GREGORY, F.R.S., and Dr. J. EDELMAN 


Research Institute of Plant Physiology, Imperial College of Science and Technology, 
London, S.W.7 


REVIOUS work! has shown that in Kalanchoe 

blossfeldiana var. Tom Thumb the capacity for 
dark fixation of carbon dioxide developed after 
previous exposure to a number of short days (> 13) 
and failed to develop either in long days or if the 
dark period was interrupted by an exposure of 
10 min. to light given at midnight. Flower induction 
results only under the former conditions. 

In a cycle of 8 hr. light and 16 hr. darkness the 
course of fixation of carbon dioxide during the dark 
period, using gas-analysis methods, showed that the 
rate of this process increases from zero at the begin- 
ning of the dark period and reaches @ maximum 
after approximately 12 hr. (the critical dark period 
for flower induction), after which dark fixation 
rapidly falls off and gives place after 16 hr. to normal 
respiration, which is maintained at a nearly constant 
rate for a further 32 hr. of continuous darkness. This 
behaviour of induced plants of K. blossfeldiana var. 
Tom Thumb is in marked contrast with that of other 
succulent plants**, in which the rate of uptake of 
carbon dioxide remains constant for several hours 
after darkening. For this reason the work here 
reported was undertaken to confirm previous findings. 

In the course of this work it was found that there 
are marked varietal differences in the species K. 
blossfeldiana. The variety Feuer Bliite behaved in 


* Present address : 
Towa, Iowa City, U.S.A 


premeetnnent of Botany, State University of 





the normal ‘Crassulacean’ way in that dark fixation 
during the first 4 hr. of darkness was already maximal 
and slowly declined. Furthermore, in this variety 
the capacity to fix carbon dioxide in darkness was 
independent of the photoperiodic regime given, and 
indeed was greater in long than in short days. 

The method consisted in exposing the tissue to 
carbon dioxide labelled with carbon-14 of known 
concentration and estimating the dark fixation by 
extracting the tissue at the end of the experiment 
with alcohol and estimating the radioactivity of the 
extract in the usual way. 

The apparatus used was a 50-ml. conical flask 
with a centre well. The flask was sealed with a 
rubber serum cap and immersed in darkness in a 
water-bath at 20° C. It was possible to maintain a 
known concentration of unlabelled carbon dioxide by 
ventilation through two hypodermic needles inserted 
through the cap, one of which was attached to a gas 
cylinder. The tissue was contained in the annular 
space on wet filter paper to avoid injection. At 
various times during the dark period a known volume 
of labelled carbon dioxide was released from labelled 
sodium carbonate contained in the centre well by 
injecting excess of lactic acid through the cap from 
a hypodermic syringe; immediately prior to this 
some air free of carbon dioxide was flushed through 
the flask and then the ventilating needles were 
removed. The exposure to labelled carbon dioxide 
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was continued for 1 or 4 hr. periods. At the end of 
the period the tissue was immediately killed by 
adding boiling 80 per cent ethanol and complete 
extraction ensured by two further extractions. The 
extract was evaporated to small volume in a vacuum 
desiccator and cleared by centrifugation ; the pre- 
cipitate contained no carbon-14. Aliquots of the 
supernatant liquid were dried on duralumin counting 
plates and radioactivity estimated with an end- 
window counter. The disks, which contained little 
radioactivity after extraction, were dried and 
weighed. Results were calculated on the basis of 
infinite thinness and expressed as ul. carbon dioxide 
fixed per mgm. dry weight of extracted disk per hour. 

Plants used for the experiments were raised from 
cuttings of uninduced plants in growth chambers at 
20° C. provided with fluorescent tubes giving an 
intensity of 1,000 ft. candles at the leaf surface. 
The short-day plants were given either 8 or 9 hr. 
and the long-day plants 16 hr. light periods. Pre- 
liminary experiments showed that it was necessary 
accurately to select leaves of the same age by using 
those from a known number of nodes below the apex. 


Experiment with Variety Feuer Bliite 


In this experiment, samples of 30 disks of 7 mm. 
diameter were taken from leaves of the upper ten 
nodes. The induction period was 97 days, by which 
time the short-day plants had produced numerous 
flower buds, while the long-day plants remained 
vegetative. Dark fixation was studied over four 
consecutive 4-hr. periods. During the previous light 
period the plants were exposed to full sunlight in a 
greenhouse. At the end of the light period, disks 
were immediately cut and placed in the flasks. The 
course of dark uptake over the first 16 hr. is shown 
in Table 1. 


Table 1 





Interval of darkness during | ul. CO, fixed/mgm. dry 
exposure to “CO, wt./hr.. 
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This shows that the maximal rate of dark fixation 
occurred in the first period, after which there was no 
marked change until 12 hr. darkness; it then de- 
clined. Dark fixation was actually greater in the 
long-day than in the short-day plants. In this 
respect the variety Feuer Bliite behaved as a normal 
succulent. 


Experiments with Variety Tom Thumb 


In a similar experiment the variety Tom Thumb 
was used. The short-day plants received a pre- 
liminary induction period of 75 days (9 hr. light, 
15 hr. dark) in the growth chamber (1,000 f.c., 20° 
C.); visible flower buds appeared after 45 days. 
For each sample, 20 disks (7 mm. diam.) were used, 
taxen from leaves of the upper eight nodes, and 
equally distributed among the treatments. Duplicate 
samples were taken from pairs of opposite leaves. 

The long-day plants received 18 hr. light per day 
and were all vegetative at the time of sampling. 
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Dark fixation of carbon dioxide by leaf disks of variety 
long-day and short-day plants. Half-shaded 
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Fig. 1. 
Tom Thumb ; 


3 hr. after the beginning of the dark period 
one set of disks was exposed for 1 hr. to two con- 
centrations of labelled carbon dioxide: 0-05 and 
1-0 per cent, respectively. A second set was exposed 
after 11 hr. in darkness, at which time the dark 
uptake was expected to have attained a maximum. 
The results are shown in Fig. 1, in which results for 
duplicate samples in each treatment are given. In 
the short-day plants (S.D.) the rate of dark uptake is 
nearly proportional to the duration of darkness as the 
lines pass close to the origin. The long-day plants 
(L.D.) at both levels of carbon dioxide showed greater 
uptake than the short-day plants at the earlier 
period and maintained the level of uptake at similar 
rates in the later period. The unexpected results 
appear that, using disks, the long-day leaves showed 
appreciable dark uptake from the beginning of the 
dark period, whereas the short-day leaves again 
showed an increase from zero time. 

As the earlier experiments of Gregory, Spear and 
Thimann! were performed with whole cuttings and 
the leaves were therefore entire, it seemed important 
to repeat the experiment using intact leaves. In 
other respects the experiments were similar to those 
already described. 

The experiment was carried out on two occasions. 
In the first, 1 per cent carbon dioxide was used 
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Fig. 2. Dark fixation of carbon dioxide by whole leaves of variety 
Tom Thumb. Half-shaded symbols denote duplicates 
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05 0-05%CO, 


Uptake in intact leaves (ul. CO,/mgm., dry-wt./hr.) 








Hours of darkness 


Dark fixation of carbon dioxide by whole leaves of 


Fig. 3A. 
Half-shaded symbols denote duplicates 


variety Tom Thumb. 


with leaves from specific upper nodes for the earlier 
sample, and the opposite member of the leaf pairs 
from the same nodes for the later sample. Duplicate 
samples were taken from alternate nodes on the 
stem. The results are shown in Fig. 2. The rate of 
uptake of the intact long-day leaves was now less 
than that of short-day leaves, whereas the latter 
behaved as in the experiment using ieaf disks. 

Since the original experiments with whole cuttings 
were carried out in normal air, the second experiment 
employed two concentrations of carbon dioxide—1l 
and 0-05 per cent. Results are shown in Fig. 3 A 
and B and confirm previous findings. 

Evidence has been presented from four experi- 
ments, all showing that the rate of dark uptake of 
carbon dioxide in the variety Tom Thumb after 
short-day induction increases through the dark 
period up to 12 hr., and begins at a very low level. 
In the long-day plants the uptake appears to be 
different, using disks as compared with entire leaves, 
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Fig. 3B. Dark fixation of carbon dioxide by whole leaves of 
variety Tom Thumb. Half-shaded symbols denote duplicates 


the former showing much higher rates of fixation, 
which is maximal at the start of the dark period. 
The experiments with entire leaves confirm the 
findings of Gregory et al., but the cause of the dis- 
crepancy between disks and entire leaves cannot at 
present be explained. The carbon dioxide which has 
direct access to the tissues through the cut edges of 
the disks is thus not subject to stomatal control ; 
this may be important if stomatal behaviour in the 
dark varies between long- and short-day leaves as 
previously suggested!. 

One of us (G. Z.) acknowledges a postdoctoral 
research grant from the University of Illinois, 
Urbana, U.S.A. 
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MODEL OXYGEN-CARRYING COMPOUNDS AND THE 
IRON-BIS-INDIGO COMPLEX 


By L. F. LARKWORTHY and Pror. R. S. NYHOLM, F.R.S. 


William Ramsay and Ralph Forster Laboratories, University College, 
London, W.C 


NE of the most challenging problems of biological 
chemistry is to explain adequately the ability 

of hemoglobin to combine reversibly with molecular 
oxygen without undergoing oxidation. A_ closely 
related problem is the orientation of the oxygen 
molecule in oxyhemoglobin. X-ray methods have 
hot yet yielded this information, chiefly because of 
the complexity of the protein part of the molecule. 
nsequently, considerable interest attaches to those 
metal chelate complexes which can combine reversibly 
with oxygen to yield crystalline compounds. Many 


such compounds have been suggested as possible 
models for hemoglobin ; among these is a complex-of 
iron and indigo which has been widely quoted as 
being capable of reversible combination with oxygen 
when in solution in pyridine. We have been investi- 
gating the chemistry of this complex, but before 
discussing our results, some relevant aspects of the 
problem will be summarized. 

When hemoglobin is oxygenated, the. bivalent 
iron atom is not oxidized to the tervalent state but 
the effective magnetic moment decreases from 5-4 Bohr 
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magnetons (B.M.) to zero'. This indicates the forma- 
tion of a spin-paired (inner orbital 3d*4s4p*) octa- 
hedral complex. The behaviour of other metal 
complexes which combine with oxygen is relevant 
to the hemoglobin problem. Thus, cobaltous bis- 
salicylaldehyde ethylene diimine (Fig 1, A) and 
chromous bis-acetylacetone* both absorb oxygen 
readily ; but only in the former case is the combina- 
tion with oxygen reversible. Extensive investigations 
of oxygen-carrying cobalt complexes have been 
carried out by Calvin* and by Diehl* on many 
compounds derived from A and B ; also, Hearon‘ has 
studied the bis-histidinocobalt (II) complex. When 
oxygenated these paramagnetic cobalt (II) complexes 
decrease in susceptibility and, although the results are 
not easy to interpret, apparently spin-pairing occurs 
between the cobalt and oxygen atoms. 

The aquopentamminocobalt (II) and aquotetra- 
ethylenepentamminocobalt (II) ions*®®, and also’ 
vitamin B,.a, have been reported to combine revers- 
ibly with oxygen under suitable conditions. The 
first of these is stated to show magnetic behaviour 
similar to that of the cobalt (II)-histidine compound. 
Vitamin B, 4 is claimed to be the first cobalt (III) 
compound to combine reversibly with oxygen. The 
magnetic properties of these unusual compounds 
warrant investigation. 

In oxyhemoglobin the metal- 
porphyrin skeleton is small compared 
with the attached protein. Indeed, 
there is some evidence for believing 
that the hem molecule is buried 
within the protein. For example, 
whereas the combining powers of 
ethyl isocyanide, iso-propyl tsocyan- 
ide, and i-butyl itsocyanide with 
hem are about the same, both 
hemoglobin and myoglobin com- 
bine much more strongly with the 
smaller ethyl tsocyanide than with the larger t-butyl 
isocyanide*. Crystallographic studies have shown 
that the iron atom is in a ‘cleft’ in the protein of 
myoglobin’, and electron magnetic resonance investi- 
gations indicate that the normal to the hem plane 
passes to the exterior of the molecule from the iron 
atom in the cleft. Since the movement of an 
oxygen molecule to and from the iron atom in 
hemoglobin is unlikely to be sterically hindered, 
Wang" has suggested that the stability of oxyhemo- 
globin compared with that of ‘oxyhzm’ is due to the 
presence around the iron atom of a region of low 
dielectric constant produced by hydrophobic groups 
of the protein. Then, he claims, the separation from 
the iron atom of the O,- ion, necessary for an 
oxidation process, cannot occur readily but neutral 
molecules have easy access. However, such a region 
ot low dielectric constant can scarcely affect the 
relative stabilities of oxyhemoglobin and oxyhem ; 
and although it would produce a high potential barrier 
to the separation of ions, this is a kinetic rather than a 
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thermodynamic difficulty. Other tactors 
such as the effect of the ligands on the 
oxidation potentials of the iron atoms 
in the two compounds seem far more im. 
portant. In this the imidazole group of 
the protein, which completes the co. 
ordination shell of the iron atom in 
hemoglobin, must play an important 
part. 
A knowledge of the orientation of the 
oxygen molecule with respect to the iron 
atom of the hem would give valuable insight into the 
type of the bond between them. If the oxygen mole. 
cule is held parallel to the hem plane, then the bond 
involved would presumably be similar to the multi- 
centre type found in ethylenic co-ordination com- 
pounds, for example [PtCl,.C,H,],. (This structure is 
favoured by Griffith’” for theoretical reasons.) On 
the other hand, if it lies at right angles to the hem 
plane, it is presumably held by a o-bond end on to 
one atom together with possible dative m-bonding 
from the metal. A homonuclear molecule like oxygen 
would be expected to be held either at right angles to 
or parallel to the hem plane (Fig. 2): a heteronuclear 
molecule like nitric oxide would be expected to be at 
right angles to, or at a much smaller angle to, the 
hem plane. Thus, several nitrosyls have been 
found to contain linear metal-N—O bonds??; and 
one, Co(NH,CSSH),NO, has been found!* to have a 
metal—-N—O bond angle of 135° with respect to the 
plane formed by the sulphur atoms of the thio- 
carbamate groups. However, Ingram" has reported, 
from preliminary electron magnetic resonance investi- 
gations, that the axis of the nitric oxide molecule in 
the nitric oxide hemoglobin complex lies parallel 
to the hem plane. One might have expected it to be 
at a small angle to this plane. 


—:6: 
| 


Globin Globin 


Fig. 2 


Special interest attaches to the preparation of 
stable oxygen-carrying iron complexes as models. 
Thus, recently, the oxygen-carrying properties of the 
imidazole complexes of proto- and meso-hem, and 
of ferrous dimethyl-glyoxime, have been studied by 
Corwin" and Williams** respectively. The imidazole 
complexes combine reversibly with oxygen in the 
solid state and when dissolved in pyridine : ferrous 
dimethylglyoxime show this property only in 
solution in the presence of bases, for example, 
imidazole ; in neither case have crystalline oxygen- 
ated compounds been reported. 

Artificial oxygen carriers appear to be restricted 
to the compounds of cobalt and iron. (It is reported, 
however, that the -oxochlororhenate ion (Re,OCI;.)" 
will combine reversibly with oxygen**.) The cobalt 
compounds, except those derived from the parent 
compound B, suffer from the disadvantage, as model 
compounds, that the reversibly combined oxygen 
molecule is believed to form a bridge between the 
cobalt atoms in two adjacent molecules ; in effect, 
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one oxygen atom is reversibly held by each cobalt 
atom. The few oxygen-carrying chelates which 
contain iron have been reported to combine with 
one or two'® oxygen molecules for each iron 
atom. 

The iron-bis-indigo complex was first prepared by 
Kunz’ and Kress'’, who claimed they had isolated the 
unoxygenated and oxygenated compounds in crystal- 
line form. To these they gave the formule Fe(indigo). 
and Fe(indigo),O, respectively. In addition, they 
found that the unoxygenated compound, which was 
prepared by treating an excess of iron pentacarbonyl 
with indigo suspended in pyridine, combined with 
nitric oxide and hydrogen cyanide but not with carbon 
monoxide. Because these workers could find no 


evidence for the evolution of hydrogen in the forma- - 


tion of the unoxygenated compound they assigned 
the formula shown in Fig. 3 to it and considered that 
the iron was united to the indigo by ‘residual valen- 
cies’, the apparent oxidation number of the iron 
atom being zero. This complex bears at least a 
superficial resemblance to hemoglobin, and seemed 
likely to repay more detailed investigation. 

The iron—indigo complex has been prepared by 
the method used by Kunz and its empirical formula 
confirmed. Its magnetic susceptibility has been 
measured by the Gouy method over the temperature- 
| range 100-300° K. (Fig. 4). It behaves as a normal 
| paramagnetic compound with @ = — 25° K. and its 
| magnetic moment is 5-4 B.M., corresponding to that 
of ferrous iron in a spin-free complex. For the mole- 
cule to be square planar, using 3d 4s4p? hybridized 
orbitals, a spin-only moment of about 2-83 B.M. 
corresponding to 2 unpaired electrons would be 
expected'*. The most likely structures, therefore, are 
@ tetrahedral monomer or an octahedral polymer 
involving co-ordination to oxygen or nitrogen atoms 
of other molecules. The low solubility of the com- 
pound suggests the latter, but polymers might arise 
simply from hydrogen bonding. The susceptibilities 
of some impure specimens showed considerable de- 
pendence on field-strength. This is believed to be due 
to the absorption of traces of iron pentacarbonyl, 
which decompose into iron and carbon monoxide on 
drying. These impurities were eliminated by careful 
preparation. The compound is a yellow-brown 
crystalline solid which very rapidly becomes dark 
green upon exposure to oxygen. This colour change 
18 not reversed if the solid is left under reduced 
pressure. If the increase in weight upon oxidation is 
taken to be due to the absorption of oxygen, between 
2 and 3 oxygen atoms are absorbed for each iron 
atom. The magnetic susceptibility decreases upon 
oxidation and the magnetic moment calculated from 
measurements at room temperature is close to 4 B.M. 
If we assume that the iron atom is oxidized, the fall 
immoment may be due to spin-spin interaction in an 
oxygen-bridged ferric complex, since the spin-free 
moment of a ferric complex is 5-92 B.M. It could also 
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arise from the formation of a ferric complex involving 
the use for bonding of one inner d orbital (for example, 
dsp* or dsp* hybridization) for which three unpaired 
electrons are expected (3-88 B.M.). Some suscepti- 
bility measurements have been made over a tempera- 
ture-range with the oxidized compound, but these 
are difficult to interpret because ferromagnetic 
impurities are produced during oxidation. 

The iron atom in iron pentacarbony] is zero valent. 
To account for the production of a ferrous compound 
it must be assumed either that one of the indigo 
molecules is reduced during co-ordination with the 
iron atom or that hydrogen gas is evolved in the 
reaction. It has been confirmed that no hydrogen 
is evolved, and the action of methyl magnesium 
iodide on the unoxygenated compound has shown that 
it contains 4 active hydrogen atoms, that is, there is 
no net displacement of hydrogen atoms from the 
indigo molecules on co-ordination. Infra-red spectra 
of the unoxygenated compound show absorption 
bands which, from comparison with the spectra of 
indigo and indigo white, can be assigned to OH 
stretching vibrations. These disappear on oxidation, 
and new absorption bands appear in the carbonyl 
stretching region. The complex is decomposed by 
water and acids, but is soluble in hot, concentrated 
alkali. Its solubility in alkali suggests the presence 
of hydroxyl groups, as does its slight conductivity in 
pyridine. These observations indicate that one of the 
indigo molecules is present in a reduced form 
analogous to indigo white. 

Kunz and Kress reported that when a solution of 
the complex in pyridine was exposed to oxygen the 
colour changed from red to green and one oxygen 
molecule was absorbed for each iron atom. If the 
pressure over the solution was reduced, or the green 
solution was allowed to stand under nitrogen, gas 
was evolved, the red colour being rapidly restored ; 
more oxygen could then be absorbed. This process 
could be repeated several times until finally the 
compound was oxidized. This has been confirmed. 
However, their experiments were carried out in 
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solutions containing the excess of iron pentacarbonyl] 
used in the preparation of the indigo complex, and 
the gas evolved could have been carbon monoxide 
produced as the residual pentacarbonyl reduced the 
green compound. In our experiments the gas 
evolved under reduced pressure from the oxygenated 
solution has been collected at atmospheric pressure 
by means of a Toepler pump and found to contain 
carbon monoxide together with all the oxygen previ- 
ously absorbed. These experiments have been 
repeated in the absence of iron pentacarbonyl. 
Oxygen then produced the same colour change, and, 
although approximately 1 molecule of oxygen was 
rapidly taken up for each iron atom, much further 
oxidation soon occurred and the green solution be- 
came brown. The oxidation can be stopped at the 
green stage by pumping off the oxygen above the 
solution. When the green solution was allowed to 
stand under reduced pressure for several hours it 
became lighter in colour, but never the original red, 
and no oxygen could be detected in the small amount 
of gas evolved. Thus, the combination with oxygen is 
not reversible in the absence of iron pentacarbonyl. 

When iron pentacarbonyl, or reducing agents such 
as hydrazine or sodium dithionite together with a little 
sodium hydroxide, were added to the green oxidized 
solution, the red colour was restored. It has been 
found that a ferrous salt, in pyridine, will give a 
green solution as soon as indigo is added; and the 
solution becomes red when reducing agents are added. 
On exposure to the air the solution becomes green, 
and these changes can be reversed until all the reduc- 
ing agent is expended. The compound responsible 
for these changes has not been isolated, but it is 
probably identical with that prepared from iron 
pentacarbonyl. 

The green oxygenated compound has been isolated 
from solution in pyridine, and from its analysis and 
infra-red spectrum is similar to the solid oxidation 
product. It also has a low magnetic moment, approxi- 
mately 4 B.M., similar to that of the oxidized solid 
compound. It is not readily obtained because it is 
easily oxidized in pyridine. When it is dried under 
reduced pressure at varying temperatures it slowly 
loses weight, presumably because a slow reaction is 
occurring. Consequently, it is difficult to obtain an 
accurate analysis for the compound. The formula 
Fe(indigo),O, assigned by the previous workers 
appears to have been based on an incomplete analysis. 
The substance is not suitable for X-ray measurements. 

The unoxygenated compound reacts with nitric 
oxide or hydrogen cyanide. In solution in pyridine 
it was found to absorb 5 molecules of nitric oxide 
for each iron atom and in the process indigo was 
liberated. Since no protons were introduced in the 
reaction this established that no hydrogen atoms are 
removed from the indigo molecules on co-ordination. 
When hydrogen cyanide reacted with the unoxygen- 
ated compound dissolved in pyridine a _ yellow, 
crystalline compound was precipitated. Upon 
exposure to oxygen this compound rapidly be- 
came green. It is believed to have the formula 
Fe(indigo),(CN),, but its investigation is not com- 
plete. 

The co-ordination of an indigo molecule as a 
bidentate ligand can take place through 2 nitrogen 
atoms, 2 oxygen atoms, or a nitrogen and an 
oxygen atom. When two molecules are co-ordinated 
there are several possible formule, and if, in addition, 
one indigo molecule is assumed to be reduced, at least 
nine possible formule can be suggested. There can 
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also be many different arrangements of the 4 hydrogen 
atoms in each molecule. A _ structure involving 
minimum re-arrangement, which is at least consistent 
with the infra-red spectra, is shown in Fig. 5; how- 
ever, this would involve appreciable distortion of the 
bond angles. Structures in which the iron atom is 
co-ordinated to one oxygen and one nitrogen atom 
of the indigo residue are also feasible. 
In such a complicated molecule it is difficult to 
distinguish between the many possible formule 
without studying the infra-red spectra of many 
related compounds. We are now extending our 
studies to the indigo complexes of other metals in 
order to establish the structure of these compounds. 
The oxidation of this complex, whether in the solid 
state or in solution, is undoubtedly a complicated 
process. Part of the reaction with oxygen must be 
oxidation of the iron atom to the ferric state, and 
part the oxidation of the chelate. 
This work has shown that ferrous-bis-indigo is not 
capable of reversible combination with oxygen, and 
thus, as a model for hemoglobin, is unsuccessful ; 
and it illustrates the danger, in complicated molecules 
containing both metals and large organic ligands, of 
ascribing the reactions of the molecule to the metal 
atom without a complete knowledge of the structure 
of the molecule. 
Our thanks are due to Dr. A. Earnshaw for making 
the magnetic susceptibility measurements ; and to 
the Medical Research Council for a_ fellowship 
(L. F. L.). 
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Fusion Curve of Iron to 96,000 Atmospheres : 
Temperature of the Earth’s Core 


A NUMBER of arguments have been advanced! 
tending to show that the boundary of the Earth’s 
core is molten iron, and the central part of the core 
issolid iron. If the Earth’s core is composed of iron 
the solid phase of which near the melting point is 
the same as that at the surface, then a determination 
of the melting point of iron at about 1-4 x 10° 
atmospheres (the pressure at the boundary between 
the mantle and the liquid core) would set a minimum 
temperature for this depth within the Earth. 

No such pressures are available for static tests at 
the surface. For the present, it is necessary to be 
content with an extrapolation of the melting point 
to one or two million atmospheres. Recently, 
Simon and Gilvarry (see ref. 2) have published 
communications giving extrapolations of the melting 
point of iron to a few million atmospheres, using the 
results of experimental work on the initial slope of 
the fusion curve and certain theoretical deductions 
on its probable course*. 

Simon’s and Gilvarry’s extrapolations were 
extended over @ pressure-range of six orders of 
magnitude in order to reach the pressure of the core 
boundary. We have now determined the melting 
point of iron experimentally to 96,000 atmospheres, 
s0 that the extrapolation is reduced to one order of 
magnitude in pressure. A brief summary of these 
results is presented here. A detailed account of the 
work on the melting point of iron, including a 
description of the structure of the sample and 
the method of measuring temperature and pressure, 
will appear elsewhere’. The apparatus used was 
the same as that used for the synthesis of 
diamond>. 

At a pressure of 96,000 atmospheres, the melting 
point of iron was found to be 1,740 + 15° C. The 
error in pressure determination was estimated to be 
+10 per cent. The fusion curve followed a smooth 
course over the entire pressure-range from 1 to 
96,000 atm. with no indication of the existence of a 
triple point between y, 8 and liquid iron in the 
pressure-range covered. The lowest pressure at 
which a melting point was obtained was about 
10,000 atm. 

Simon’s fusion equation (see ref. 3) : 


ae (ay , 

a oe ioe 
fitted the experimental results with the constants 
@= 75,000 atm. and c = 8, and it was used to 
extrapolate the fusion curve to 1-4 x 10° atm. 
pressure. In this equation, P is the pressure in 
atmospheres, 7', the melting temperature in degrees 
absolute at the origin of the fusion curve at one 
atmosphere pressure, and 7’ the melting temperature 


Temperature (° C.) 


at pressure P. The extrapolated curve gave 2,340+ 
50° C. for the melting temperature at 1-4 x 10* atm. 
Allowing for the effect of dissolved foreign atoms on 
the melting point and a drift of the extrapolation 
away from the true curve, the melting point at the 
boundary of the Earth’s core should lie in the range 
2,340 + 200° C. 

Simon (see ref. 2) used for a@ and c the values 
150,000 atm. and 4 respectively, obtaining for the 
melting temperature of iron at the core boundary 
about 3,000° C. Gilvarry’s‘ values for a and c were 
347,000 atm. and 1-9, giving about 3,900° C. for the 
melting temperature at the core boundary. 

During the course of the melting-point determ- 
inations, it was convenient to observe the $-—y 
transformation by the sharp change in slope of the 
electrical resistance-temperature curve which accom- 
panies this transformation. At 76,000 atm. the 
transformation temperature had decreased to 705+ 
15° C. The initial slope of this curve was in the 
range —8° to —10°/1,000 atm. 

The parts of the phase diagram for iron determined 
from these experiments is illustrated in Fig. 1. 

The iron used in these experiments was 99-94 
weight per cent iron. The foreign atoms present 
included 0-0023 weight per cent oxygen, 0-002 carbon 
and 0-004 nitrogen. The largest single other impurity 
was 0-02 per cent nickel, the influence of which on 
the melting point was negligible. 

I wish to thank Warren Moore and J. Schermerhorn 
of this Laboratory for the specimens of iron, Sherman 
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Reed and Wilson Weir for their excellent workman- 
ship in constructing the test samples, and Roy E. 
Tuft for his valuable assistance in conducting the 
experiments. 
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Sporadic E-Region lonization, ‘Spread F’, 
and the Twinkling of Radio Stars 


ALL these phenomena reveal the presence in the 
ionosphere of inhomogeneities in electron density of 
thickness some kilometres or less, the frequency of 
occurrence of which shows well-marked diurnal, 
seasonal, and geographical distributions, as well as 
correlation with geomagnetic activity. In the auroral 
zones they may be mainly due to ionization (in 
columns and sheets) produced by direct bombard- 
ment of the particles producing aurore. However, 
aurore occur rarely at moderate or low latitudes, 
where all these phenomena happen daily ; in fact, at 
such latitudes the correlation of the latter with mag- 
netic activity tends to be rather strongly negative. 

A clue to the origin of these phenomena at non- 
auroral latitudes may lie in the fact that they appear 
to have one common feature: they occur most 
frequently or most intensely at times when the 
ionization of the relevant matrix region (EH or F) is 
moving upwards under the influence of the electro- 
dynamic forces associated with the ionospheric 
electric current systems responsible for the solar, lunar 
or disturbance geomagnetic variations. For example, 
equatorial sporadic H-region ionization is a maximum 
near noon, when the equatorial electrojet current is a 
maximum eastwards, and at 8-9 hr. lunar time’, 
when the lunar electrojet has a similar maximum. 
Again, the occasional reductions of the equatorial 
day-time (eastward) electrojet which are associated 
with geomagnetic disturbance are accompanied by a 
corresponding reduction® in equatorial sporadic 
E-region ionization. 

Some years ago it was suggested’ that such LZ- 
region ionization was essentially due to vertical 
movements, and the phenomena associated with the 
drifting of an inhomogeneity in an otherwise uniformly 
ionized medium were afterwards examined*®. In a 
region of negligible Hall conductivity (such as the 
F2-region) the effects are simple. A long cylinder of 
electron density N + AN aligned along the magnetic 
field H, and embedded in a medium of electron 
density N drifting perpendicularly to H with velocity 
V, drifts relatively to the matrix medium with the 
velocity : 


v = — Ve/(2 + ¢) (1) 


where ¢ = AN/N and may have any numerical value. 
(It is easy to show also that a sphere of corresponding 
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Ionization density 


Fig. 1. Illustration of how a small positive perturbation of 
ionization density at A on the under surface of an upward 
drifting region becomes a large positive perturbation at B because 
it drifts upwards more slowly than the main body of the region 


density drifts with the velocity v = —Ve/(3 + ¢).) 
In both cases the motion is simple; there is no 
distortion of the cylinder or sphere, which moves like 
a solid through the medium without interchange of 
ionization at its surface. 

These results have been applied recently‘ to explain 
the occurrence of ‘spread F”’, and the scintillation of 
radio stars. It has been shown that the ionization 
on the under-surface of the F'-region is kinematically 
unstable when the region is drifting upwards. At 
such times a small irregularity (A in Fig. 1) drifts 
downwards relatively to the region and becomes 4 
large irregularity (as at B) capable of producing the 
pronounced scattering responsible for scintillations 
and ‘spread F’. It has been shown‘ that the mag- 
nitude of the inhomogeneities thus produced seems 
quantitatively adequate, while the times at which 
these phenomena should occur agree well with the 
known morphology of the occurrence. 

At first sight it might appear that these simple 
considerations could also be applied directly to 
explain the formation of sporadic Z-region ionization. 
Here, however, a difficulty appears. For the phe- 
nomenon depicted in Fig. 1 to occur it is essential 
that the life (relaxation-time) of the ionization in the 
irregularity be substantially longer than the time 
required to drift from A to B. This condition is 
adequately satisfied in the F-region, where the re- 
laxation-time of the (night-time) ionization is about 
2 hr.; it is certainly not satisfied in the (day-time) 
E-region, where the relaxation-time is only 3 or 
4 min. 

The difficulty disappears when the Hall conductivity 
of the H-region is taken into consideration. In such 
a@ medium it has been shown® that movement of & 
cylinder like a solid body is impossible. However, 
movement of a cylindrical perturbation of N is 
possible® in such a way that there is constant inter- 
change of ionization between the cylinder and the 
medium at the surface of the cylinder. In other 
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words, @ cylindrical perturbation of ionization travels 
through the medium as a kinematic wave. For such 
a wave to be propagated from A to B and so produce 
a major inhomogeneity it is not necessary for the 
time of travel to be less than the relaxation-time of 
the medium ; it suffices if the wave travels a distance 
comparable with the radius of the cylinder in a time 
less than the relaxation-time. This condition is 
frequently satisfied in the E-region of the ionosphere 
for cylinders of less than about 1 km. diameter. 

It can readily be shown that the velocity of the 
wave relative to that of the moving medium, and in 
the direction of the latter motion, is: 


Ve (2 + «) (2) 





~ 4(1 + e) cos? (2 — B) + e 


where tan «, are we/ve, wi/vj respectively, we; being 
the gyro frequencies and ve,; the collisional frequencies 
of the electrons and ions. 

There is also a component of the wave velocity 
perpendicular to V, but in the ionosphere this cannot 
of itself lead to the generation of substantial inhomo- 
geneities as it is mainly horizontal. 

It will be noted that at heights of about 100 km., 
where cos (x—§8) is about 1/20, |v] may be up to 
five times |V|: the wave of inhomogeneity travels 
up to five times faster than the general drift of the 
medium. It seems almost certain that these waves 
are responsible for the production of equatorial 
sporadic H-region ionization, which appears at the 
times of solar, lunar and magnetic disturbances 
when the drift motion in the H-region is upwards 
and the wave motion consequently downwards for < 
positive, thus leading to pronounced irregularities 
on the under-surface of the region. (For ¢« negative 
the wave motion is, of course, upwards, small de- 
ficiencies in N in the lower part of the region being 
transferred upwards to appear as substantial ‘holes’ 
near the ionization peak.) The recent discovery® that 
irregularities in sporadic H-region ionization at the 
magnetic equator are aligned horizontally along the 
geomagnetic field is also in accord with this finding. 
It also seems likely that these waves are responsible 
for much of the sporadic H-region ionization found in 
moderate latitudes. Their importance in auroral 
latitudes can be assessed only after further studies. 

It is remarkable that the same basic fact, kinematic 
instability in the ionization gradient of a medium 
drifting across a magnetic field, should appear to be 
responsible for three geophysical phenomena, namely, 
scintillation of radio stars, spread 
F, and at least some forms 
of sporadic H-region ionization. 
However, no new concept is in- 
volved; the relevant conclu- 
sions follow from the application 
of well-established electrodynam- 
ical principles to known iono- 
spheric facts. The only approx- 
imation assumed is that the 
radius of the perturbation should 
be much less than the scalo- 
height of the ionized region, a 
condition which seems safely 
satisfied in both regions EZ and F’. 
Indeed, if these phenomena did 
not occur in the relevant parts 
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and places where the ionization is known to have 
appropriate upward drift. 
D. F. Martyn 


Upper Atmosphere Section, 
Commonwealth Scientific and 
Industrial Research Organization, 
Camden, N.S.W. 
April 1. 

1 Martyn, D. F., Proc. Second Meeting Mixed Comm. on Ionosphere, 
I.C.S.U., Brussels, 44 (1950). (Corrigendum note: on p. 45, line 
31 of this report “maximum” should read “minimum”). 

2 er N. J., and Wright, R. W., Proc. Phys. Soc., B, 70, 833 
1957). 

8’ Martyn, D. F., Phil. Trans. Roy. Soc., 246, 306 (1953). 

“Martyn, D. F., Proc. Inst. Rad. Eng., 47, 147 (1959). 

5 Clemmow, P. C., Johnson, M. A., and Weekes, K., “Physics of the 
Ionosphere”, Phys. Soc. (Lond,). 136 (1955). 

6 Peterson, A. M., Egan, R. D., and Pratt, D. 8., Proc. Inst. Rad. 
Eng., 47, 300 (1959). 





A Type of Variation of the Signal Strength 
from 195852 (Sputnik 3) 

THIS communication is based on observations of 

the Sputnik 3 signal strength carried out from the 


end of November 1958 at Kiruna Geophysical 
Observatory, Sweden (67-8° N., 20-4° E.). The 
20-005 Mc./s. signals were received on a standard 
communications receiver (Collins 51 J—4) and recorded 
on a mV.-pen recorder with a full-scale deflexion time 
of approximately 1 sec. The receiver was con- 
nected to a fixed ‘quad’ 20 Mc./s. antenna with a 
very low directivity. 

From the results (of about 200 recorded passings 
of Sputnik 3) it is possible to see that part of the 
sudden fluctuations of signal strength (superimposed 
on the regular Faraday pattern and rotational fading) 
seems to be connected with definite points of the 
orbit. Over a period of a few days they occur at an 
almost constant time, measured from the time of 
equatorial crossing, as the continuous change in time 
is very slow. These times agree well with the moments 
when the satellite is passing below or above its track 
from one or more revolutions before. Sudden drops 
of signal strength coincide with passages above 
earlier tracks, and enhancements with passages 
below. Sputnik 3 passes above the paths of the first 
to the fourth previous revolutions, and below those 
of the ninth to the thirteenth previous revolutions 
(900-1,400 min. before). These facts indicate that 
the satellite produces heavily ionized tracks of a very 
long lifetime. To test this hypothesis, 85 night- 
passages (with very good reception of satellite signal 








of the ionosphere, it would seem 
to be necessary to explain why 
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ypical signal strength record (revolution number 3486) with arrows indicating 
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Fig. 2. The second mean_ weights, w, of the w’s and the mean 
square deviations from @,o, versus the_ mean longitude of 
equatorial crossings W 


and absence of interferences) during January 7-25, 
1959, were investigated in the following way: the 
times at which one revolution crossed earlier ones 
were calculated approximately on the basis of the 
space-track bulletins'. If the predicted passage 
above a track coincided with a sudden decrease of 
signal strength, the ‘crossing’ was given a weight, w, 
from 1 to 3 (both time coincidence and the amplitude 
of the minimum were taken into account) and the 
weight w = 0 was attributed to the crossing if there 
was no decrease i in signal strength. The corresponding 
procedure was used with passages below the tracks. 
A typical signal strength record with arrows indicat- 
ing predicted times and attributed weights, w, is 
shown in Fig. 1. For every satellite passage the mean 
weight, w, was calculated. 
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Fig. 3. The second mean weights, w (calculated for each night, 

irrespective of the ae of equatorial crossings), and the 

logarithm of the High Altitude Observatory, Boulder, total flare 
activity index, Ja, versus time 
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It is to be expected that w will depend on the geo. 
metrical configuration of the path of the satellite, with 
respect to the ionized track and the position of the 
observer, and also on the conditions in the ionosphere, 
The effect of geometrical configuration was inves. 
tigated by grouping passages with respect to the 
longitude of equatorial crossing, W. For every group 
of passages the second mean weight, w, of the w’s, 
was calculated, together with the mean square 


deviation from w. The result is plotted in Fig. 2 


= 

It can be seen that the highest value, w = 1-95, and 
the smallest dispersion of w is obtained for the group 
of passages with a longitude of equatorial crossing 
of about 44° W., that is, for passages nearest to 
Kiruna. It is evident that the time of crossing in a 
vertical plane and the time at which the radiation 
from the satellite traverses the earlier track should 
agree best for that group. 

It is possible to see the influence of ionospheric 
conditions from seasonal changes of the second mean 


weight w’ calculated for each night (average of w for 
all passages during one night, irrespective of the 
longitude of equatorial crossings) (Fig. 3). The lower 
diagram of Fig. 3 represents the logarithm of the 
High Altitude Observatory, Boulder, total flare 
activity index, Jg, versus time. Each decrease in 


w’ seems to be connected with an enhancement of 
solar activity, displaced in time about one day, as is 
to be expected. 

The height of satellite 1958 8 2 was always greater 
than 700 km. in the region of reception. The 
phenomenon is being studied in more detail. 

I am greatly indebted to Dr. B. Hultqvist for 
valuable discussions. The work on which this com- 
munication is based has been supported by the 
European Office of Air Research and Development 
Command (Contract 61(514)—1314). 

Lupwik LiszKa 
Kiruna Geophysical Observatory, 
Sweden. 
March 17. 


1 Distributed by the Space Track Control Center, L. G. 
Field, Bedford, Mass. 
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The Twilight Radiation at 6708 A. 


ReEcENTLY, Delannoy and Weill! have reported a 
new atomic emission line in the spectrum of the 
twilight sky at Terre Adelie. The wave-length of the 
radiation is given as 6708 + 1-5 A., and the authors 
suggest that the line may be the resonance line of 
lithium at 6707-8 A. The observation is confirmed, 
and the same identification proposed, by Gadsden 
and Salmon? (New Zealand and Antarctica). On the 
assumption that the identification is correct and that 
the lithium and sodium atoms are distributed in the 
same manner in the atmosphere, Barbier e¢ al.* have 
computed the ratio of the concentration of lithium to 
sodium from the line intensities. They arrive at 4 
ratio which agrees with the ratio found for the metals 
in meteorites. 

The discovery of the new radiation was brought to 
my attention by Profs. Rosseland and Harang 
(Astrophysical Institute, University of Oslo) in Janu- 
ary this year, and a search for the line was at once 
started at Aas, Norway (59° 40’ N., 10° 47’ E.). The 
instrument used was a grating spectrograph with @ 
Bausch and Lomb plane grating, 102mm. x 128 mm., 
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Li(?) 


Photometer tracing of a twilight spectrogram from 


Fig. 1. 
. Lithium line indicated by arrow 


January 23 (1735-50 M.E.T.). 
600 lines/mm., blaze wave-length 1-6u, and a camera 
objective from the Wray Optical Works, f/0-71, focal 
length 64 mm. The linear dispersions in the second and 
third orders are about 80 and 50 A./mm. respectively. 
(For a fuller description of the instrument see 
ref. 4. 

A ne of twilight spectra, obtained on January 18 
(Kodak 103 aF plate) in the third-order spectrum, 
showed a very sharp but faint line in the correct 
place. Later, the line was obtained in both the 
second- and the third-order spectra, showing that it 
really belongs to the red region. 

Fig. 1 is a cutting of a photometer curve of one 
of the spectrograms, with a comparison spectrum 
superimposed (the neon lamp used contained traces 
of helium and argon). The line, supposed to be due 
to lithium, is indicated by an arrow. It is the only 
line in this region which extends across the spectrum 
and is therefore easily separable from the lines of 
similar intensity in the comparison spectrum (helium 
fourth order, neon and argon, not indicated in Fig. 1). 
Wave-length measurements from several spectra 
have given the mean value 6707-7 + 0:5 A., which 
is very close to the value of the lithium reson- 
ance line. The proposed identification seems very 
plausible. ; 

The line has been observed in both morning and 
evening twilight. Spectral series have been taken 
with the collimator of the spectrograph elevated 
4-5° and 9-5°. The line appeared when the depression 
of the sun below the horizon was less than about 14-5° 
and 13° respectively. This is very nearly the same 
solar depression limits as those observed for the 
sodium D-line enhancement in _ twilight®. The 
lithium and sodium radiation thus probably originate 
from the same atmospheric level. (A difference of, 
say, 5 km. in the screening height of the lower 
atmosphere for the solar light responsible for the 
resonance excitation of the lithium and sodium atoms 
will result in a difference of about 3 km. in the 
heights of the two layers. This difference is cer- 
tainly too small to be detectable except when 
the line intensities of the spectral series, and the 
azimuth and elevation angles of the collimator of 
the spectrograph, are measured with the utmost 
precision®.) 

Gadsden and Salmon? have reported a decrease of 
the lithium layer relative to the sodium layer of 
about 0-4 km. per day between August 13 and 
September 5, 1958. The results from Norway, collected 
from January 18 to February 20, 1959, indicate no 
such decrease of the lithium layer. In view of what 
is said parenthetically above it seems difficult without 
further evidence to accept the reported small decrease 
of the lithium layer, the more so as the authors 
themselves state that the Hallet spectra have not 
yet been available for precise measurements. 
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In a recent communication, Barber’ suggests that 
the lithium atoms originate from atomic bombs, 
detonated in the central Pacific Ocean. His argument 
is based mainly on the observations of Gadsden and 
Salmon of the sudden (?) appearance of the lithium 
line on August 5 (a nuclear detonation occurred on 
August 1); the intensity ratio of the lithium 
and sodium lines, estimated to be about unity at 
Hallet ; and the differential decrease of the lithium 
layer. 

The latter observation seems doubtful. So does 
its explanation as an association of the lithium atoms 
with falling meteoritic dust or smoke particles from 
bomb explosions. It is not easy to understand why 
the free lithium atom, emitting the resonance radia- 
tion in the twilight, should not remain a free atmo- 
spheric constituent unaffected by dust and particles. 
A temporary or local high intensity of the line is, on 
the other hand, not a surprising observation in view 
of the great fluctuations of other airglow radiations’. 
The argument is therefore not completely convincing 
even if it is by no means improbable. 

I am inclined to believe that more than one source 
are responsible for the metal content of the atmo- 
sphere. Evaporating meteorites, and to a small 
extent disintegration of atmospheric atoms by cosmic 
radiation, are probably permanent sources. Volcanic 
eruptions and nuclear bomb explosions may occa- 
sionally increase the concentration appreciably. 

It has been stated that if meteorites are a major 
contributor, then other metals such as potassium and 
calcium should give observable radiations in the 
airglow. Calcium-ion radiation has been observed?®. 
As for potassium, the detection of the resonance 
doublet at 7665 A. and 7699 A. is made extremely 
difficult by the great absorption of the oxygen (0,0) 
atmospheric band in that region. Some twilight 
spectrograms, taken with the grating spectrograph at 
Aas, have shown distinct increases of the ‘back- 
ground’ radiation between the rotational absorption 
lines of the (0,0) band at the wave-lengths mentioned. 
I hesitate to state positively that this is the potassium 
doublet. Further observations are needed. Unfor- 
tunately a prolonged spell of bad weather has lately 
hindered observations. 

G. KvIFTE 


Department of Physics, 
Agricultural College of Norway, 
Aas 


March 6. 


1 Delannoy, J., and Weill, G., C.R. Acad. Sci., Paris, 246, 2925 (1958). 

*? Gadsden, M., and Salmon, K., Nature, 182, 1598 (1958). 

’ Barbier, D., Delannoy, J., and Weill, G., C.R. Acad. Sci., Paris, 
247, 886 (1958). 

* Kvifte, G., Geophys. Pub. xx, No. 12 (1959). 

5 Kvifte, G., Med. No. 205, Phys. Inst., Oslo Univ. (1953). 

* Kvifte, G., Geophys. Pub. xvii, No. 11 (1949). 

7 Barber, D. R., Nature, 188, 384 (1959). 

* Roach, F. E., IAGA Bull. No. 156, 100 (1956). 

® Vallance Jones, A., Nature, 178,276 (1956). Dufay, M., Ann. Geophys., 
14, 391 (1958). 


CRYSTALLOGRAPHY 


Crystal Symmetry of Struvite 
(Guanite) 


WE have examined a small cluster of white crystals 
which were discovered in a can of Japanese crab- 
meat by Prof. H. E. Petch, McMaster University, 
Hamilton, Ontario. Spectrographic analysis showed 
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in the y-direction with normal 
bond-lengths O—O = 2-8 A. and 
Mg—O = 2-05 A. and with a 








repeat length 6-9A.; this is 
the observed length of the 5, 
axis. If we are correct in sup. 
posing that the oxygen tetra- 
hedra have the orientation shown 
in Fig. 1, then a_ suitable 
position for the NH, group 








Fig. 1. 


that the crystals contained both phosphorus and 
magnesium, and the density, determined by flotation 
in a heavy liquid, was found to be 1-71 gm. cm.-*. 
The crystals were insoluble in water. The unit cell 
and systematic absences of X-ray reflexions were de- 
termined from @ small single crystal using a Buerger 
precession camera. They are: 

@ = 6:13 + 0-02A., bg = 6:92 + 0-:02A., cc) = 
11:19 + 0:02 A., a@g:bg:c, = 0-883:1: 1-616, 
hkl no absences, hkO no absences, Okl k+l = 2n+1 
absent, 20! no absences, h0O no absences, 0k0 k = 
2n +1 absent, 0011 = 2n+1 absent. The space group 
is Pnm2, and the a, axis has pseudo-hexagonal 
symmetry. 

The crystal has been identified as struvite (or 
guanite), which Dana! describes with a chemical 
composition Mg(NH,)PO,.6H,0, point group mm2 
and axial ratios 0-8827: 1: 1-6102. The correspond- 
ing unit cell obtained from X-ray measurements is 
stated to be a, = 6-09 kX., by = 6:97 kX., cy = 11-18 
kX., which is in reasonable agreement with the cell 
obtained by us. The space group given by Dana! is 
Pmc2, which is not consistent with the systematic 
absences reported above. Instead, when our observa- 
tions are combined with the morphological symmetry, 
they indicate unambiguously the non-centrosym- 
metrical space group Pnm2,. Finally, Mellor* reports 
that struvite has a density of 1-715 gm. cm.-* and 
has a very low solubility in water. 

With this information, some of the features of the 
atomic structure of struvite may be predicted. The 
density calculated on the basis of a cell content 
Mg.(NH,).(PO,)..12H,O is 1-72 gm. em.-’, which 
is very close to the observed value. Since, in the space- 
group Pnm2,, the general positions are four-fold and 
the special positions on mirror planes are two-fold, 
it follows that the magnesium and phosphorus atoms 
and the (NH,) group must all lie on mirror planes per- 
pendicular to the bo-axis. It is expected that each 
phosphorus atom will be at the centre of an oxygen 
tetrahedron so that four of the oxygen atoms will 
lie on two sets of special positions and four more 
oxygen atoms will be in general positions approx- 
imately 1-3.A. from the mirror planes in the y- 
direction. A possible arrangement of these atoms is 
shown in Fig. 1 projected on the O6c-plane. If 
the magnesium atom has the same 2-co-ordinate 
as the oxygen atom in the general position, then 
there will be a chain of atoms, O—O—Mg—O, 


) 
NY 


Suggested partial structure of struvite projected on to the bc plane 


would be directly above the 
phosphorus atom. The nitrogen 
atom would then be tetra- 
hedrally bonded to four oxygen 
atoms such that O—NH, = 
2-5A. It is not possible to 
place the twelve remaining oxy- 
gen atoms with certainty, but it 
is reasonable to expect that the 
magnesium atom will be octa- 
hedrally co-ordinated by oxygen 
atoms or water molecules as in 
MgHPO,.6H,O (Corbridge?). 

Some support for this structure is provided by a 
Patterson projection on the bc plane given in Fig. 2. 
This was computed with rough intensities obtained 
from a precession picture, using reflexions obtained 
with molybdenum Kz radiation with sin 0/ ~< 0-55. 
It is thought that peak A is produced by Mg—P 
vectors and peak B by Mg—O and P—O vectors. 
The remaining peaks cannot be accounted for 
without speculating on the other oxygen positions. 
No detailed comparison of F, and Fe was made 
but it was observed that the proposed atomic 
positions are consistent with large observed intensities 
from the planes 040, 004 and 048. 

Struvite has been found previously in canned 
fish : Palache‘ reports the discovery of this substance 
in canned shrimp and Ayres® describes its occurrence 
in canned lobster. Both writers suggest that the 
presence of ammonia indicates that the crystals are 
produced by bacterial fermentation. Other remark- 
able occurrences of struvite are mentioned by Dana!: 
it was first found in Nature in a bed of peat under 
an old church in Hamburg, Germany, and was found 
in bat guano from the Skipton Caves, Victoria, 
Australia, and with newberyite in the tooth of a 
mammoth from Quartz Creek, Dawson, Yukon.. In 
all these instances it appears that the compound was 
the result of decomposition of organic matter. 

It should be noted that Mellor? states that large 
crystals of struvite can be readily prepared in the 
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Fig. 2. Patterson projection on the be plane 
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jboratory. Since the crystal lacks a centre of sym- 
metry, is piezoelectric and has a good (001) cleavage 
prpendicular to the polar axis, it is likely that thin 
plates could be prepared for the examination of 
ible ferroelectric effects. 

We do not plan further work on this compound. 
We are grateful to Mrs. B. Murray for her help 
in obtaining the X-ray photographs. 


J. A. BLAND 
S. J. BAsInskI 


Physical Metallurgy Division, 
Mines Branch, 
Department of Mines and Technical Surveys, 
Ottawa, Ontario. 
Feb. 25. 
‘pana, J. D., “Handbook of Mineralogy’’, 7th edit. (John Wiley and 
Sons, Inc., New York, 1951). 
‘Mellor, J. W., ““A Comprehensive Treatise on Inorganic and Theoret- 
ical Chemistry” (Longmans, Green and Co., London, 1923). 
‘Corbridge, D. E. C., Acta Cryst., 9, 991 (1956). 
‘Palache, C., Amer. Min., 8, 72 (1923). 
‘Ayres, V. L., Amer. Min., 27, 387 (1942). 


Absolute Measurement of the Intensity of 
the (III) Reflexion for Diamond 


Atomic scattering factors of carbon atoms in the 
valence state, as computed by McWeeney', are in 
close agreement with the values obtained on the 
basis of measurements on diamond®. An excep- 
tion occurs only in the fe-value of (111), which was 
found to be 3-299, while McWeeney’s theoretical value 
is close to 3-100. 

To clear up this discrepancy, a careful re-determ- 
ination of the absolute intensity of the (111) reflexion 
of diamond has been made. To avoid extinction 
effects, the measurements were carried out on a fine 
and pure diamond powder of particle size about 0-5u.. 
Particles of this size might still show some extinction. 
However, this influence on the intensity should be 
small and not exceed 1 per cent. The discrepancy is 
much larger. 

The intensity was measured by two different 
techniques, surface reflexion and transmission. A 
Geiger proportional counter was used (‘Norelco’) 
and crystal monochromatized radiation. To avoid 
1/2 in the monochromatized beam, voltages not 
higher than 14 kV. were applied to generate the 
copper K-radiation. 

Table 1 contains the results. 











Table 1 
Operation of X-ray tube 
Method kV. m.amp. 1/8 Pia 
Reflexion 14 20 2-211 
‘+ 10 20 2-212 
14 20 2-222 
12 20 2-037 
14 18 2-166 | 
14 18 2-168 | 
¥s 14 18 2-104 | 
Transmission 14 18 2-295 | 
o. 14 18 2-206 
14 18 2-256 














The mean value of these measurements was taken 


in two different ways, with and without weighting 


the accuracy of the single measurements. The 
Weighted mean is 1/8 F,,, = 2-20 + 0-07, fe = 3-11 
+ 0-10, whereas the unweighted mean is 1/8 F44, = 
2-18, + 0-07, fe = 3-09 + 0-10. Both these values 
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agree with the figure calculated by McWeeney within 
the limit of error. 
R. Brim* 
H. Zanpyt 
Polytechnic Institute of Brooklyn, 
Brooklyn, New York. 
March 6. 
* Present address: Fritz-Haber-Institut der 
Gesellschaft, Berlin-Dahlem, Faradayweg 4-6, Germany. 
+ Present address: Physics Department, Bridgeport University, 
Bridgeport, Connecticut. 
1McWeeney, R., Acta Cryst., 4, 513 (1951). 
? Brill, R., Acta Cryst., 3, 333 (1950). 


Max-Planck- 


METALLURGY 


Structure of Scale on Plain Carbon 
Steels 


Tue classical picture of high-temperature scales 
on plain carbon steels as determined by Pfeil? shows 
a three-layered structure. An outer layer of hematite, 
Fe,0,, a middle one of magnetite, Fe,0,, and an 
inner one of wiistite, FeO, next to the parent metal is 
the normal composition of this layered structure in a 
scale that is continuous with the parent metal. (For 
practical and historical reasons, wiistite is normally 
given as the stoichiometric FeO when in fact it is 
more accurately described as Fe,.yO, where Y is the 
concentration of vacancies.) Similarly, Paidassi*, in 
his recent work on the kinetics of oxidation of pure 
irons between 700° and 1,250°C., found that the 
three-layered structure is present on continuous 
scales. However, 15 min. was the minimim oxidizing 
time for the lower-temperature scales that he re- 
ported. 

It is known that the simple layered structures of 
plain carbon steel scales are modified in practice by 
the production of pores and blisters. After a short 
initial period of oxidation, these defects occur 
rather readily. Furthermore, in the laboratory 
the production of continuous scales by extensive 
oxidation requires elaborate surface preparation 
including high-temperature anneals in hydrogen to 
produce a clean surface prior to the oxidation 
experiment. 

It has been assumed generally that the structure 
of the thin scales on the products of the modern 
continuous rod and strip mills conformed to the 
classical picture of scale structure. However, during 
the microscopic examination of the scales of these 
products, unusual types of structure were observed. 
Fig. 1 illustrates one type of structure first noticed on 
samples of wire rod. It was considered rather unusual 
at the time. However, in the examination of narrow 
hot strip samples extensive regions of this type of 
structure were observed (Fig. 2). It has been given 
the description of a ‘sandwich’ structure. There is 
almost no evidence of blistering and it is essentially 
a@ continuous scale with the parent metal. 

The innermost layer in contact with the parent 
metal is magnetite. The middle layer is wiistite and 
the next layer is again magnetite. In some instances 
a thin outer layer of hematite is also observed. This 
unusual innermost layer of magnetite is similar in 
appearance to the outer primary magnetite layer 
when examined under the optical microscope. — Its 
micro-hardness is also of the same order as the 
primary magnetite layer. When etched it appears 
as @ single phase with sharp boundaries, and in no 
way resembles the dark-etching decomposed wiistite 
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Fig. 1 ( x 250) Figs. 2-4 ( x 500) 
illustrated in Fig. 3. This dark phase is apparently 
composed of fine magnetite and ferrite particles 
originating from the breakdown of wiistite. The 
boundary between the dark-etching material and the 
primary magnetite layer is rather indefinite when 
etched with a solution of citric and hydrochloric acid 
in methyl alcohol. The micro-hardness of this 
decomposed layer is similar to that of the primary 
magnetite. 

In other structures observed on samples of wide 
strip mild steel, the entire scale appears to be com- 
posed of a single phase of primary magnetite. The 
scale towards the edges of the strip also has a 
thin hematite layer on top of the magnetite layer 
(Fig. 4). 

The non-classical appearance of these structures 
must, of course, be associated with their origin in 
high-speed strip and rod mills and their thermal 
history after the last shaping operation, coiling and 
removing from the finishing line. 

Whereas the decomposed wiistite phase (Fig. 3) 
can be readily explained by existing knowledge it is 
rather difficult to visualize the mechanism of the 
formation of the inner magnetite layer next to the 
parent metal. Collongues, Sifferlen and Chaudron* 
have shown that although wiistite is unstable below 
570° C., its decomposition is dependent on the 
cooling-rate of the oxide below that temperature. 
They found that the kinetics of the isothermal 
transformation of wiistite can be expressed as an 
S-curve with the nose of the curve giving the maxi- 
mum rate of transformation occurring at 480°C. 
Fischer, Hoffman and Shimada‘ and Fischer and 
Hoffman*® have shown metallographically the break- 
down of wiistite in bulk at temperatures below 
570° C. 

The presence of an inner layer of magnetite in the 
sandwich structure would be explained if it were 
assumed that it was originally wiistite which had 
decomposed below 570°C. The high concentration 
of oxygen next to the parent metal could be pro- 
duced by either a mechanism of reverse diffusion of 
iron atoms back to the parent metal or by the 
internal oxidation of the scale at the scale—metal 
interface. 

In those structures that show no wiistite it must 
then be assumed that the mechanism which produced 
an inner layer of magnetite was able to progress to 
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the point where the entire wiistite layer was trans. 
formed. 


S. GARBER 


British Iron and Steel Research Association, 
11 Park Lane, 
London, W.1. 


1 Pfeil, L. B., J. Iron and Steel Inst., 119, 501 (1929). 

® Paidassi, J., Acta Met., 6, 184 (1958). 

* Collongues, R., Sifferlen, R., and Chaudron, G., Rev. de Met. 50, 
No. 10, 727 (1953). 

* Fischer, W. A., Hoffman, A., and Shimada, R., Arch. Eisenhiitten. 
wesen, 27, 521 (1956). 

5 say he A., and Hoffman, A., Arch. Eisenhiittenwesen, 29, 107 
( " 


Fatigue Properties of Ternary Aluminium- 
Zinc—Magnesium Alloys 


EXPERIMENTAL work’ has suggested that the poor 
fatigue properties of age-hardened aluminium alloys 
are due largely to the metastable nature of the dis- 
persed precipitate. Cyclic stressing causes deforma- 
tion to become progressively more localized and the 
precipitate in these regions may become unstable. 
This leads to softening which, in turn, causes a 
further concentration of deformation in these regions 
and the whole process becomes catastrophic. The 
mechanism by which softening occurs is uncertain, 
but it is thought to be associated with dislocation 
movements in the localized regions. It thus seems 
that the fatigue properties of these alloys would be 
improved if the stability of the dispersed precipitate 
could be increased or if a reduction in the mobility 
of dislocations in the highly stressed regions could be 
effected. This communication describes some initial 
experiments in which the second possibility is being 
investigated. 

The mobility of dislocations may be reduced by 
interaction with solute atoms. Thus, in an age- 
hardening alloy, it would seem desirable to have 
present solute atoms which play no part in the ageing 
process and are free to participate in such interactions. 
A recent study of ageing phenomena in a number of 
ternary aluminium—zinc—magnesium alloys? has sug- 
gested that, when the magnesium : zine ratio exceeds 
a certain value, excess magnesium atoms are present 
which are not required in the ageing process. This 
conclusion becomes more significant when it is 
recalled that yield-point phenomena have been 
observed® in binary aluminium—magnesium alloys, 
indicating that interactions can occur between 
magnesium atoms and dislocations. These observa- 
tions suggested that a study of the effect of com- 
position on the fatigue properties of a range of ternary 
aluminium-zine—magnesium alloys might provide 
some interesting results. 

Six alloys were selected in which the magnesium : 
zinc ratio was widely varied but for which the same 
heat-treatment cycle of solution treatment for 1} hr. 
at 460° C., cold water quench, and ageing for 
16 hr. at 125° C. gave approximately the same value 
of ultimate tensile strength‘. By keeping these var! 
ables constant the fatigue properties could be com- 
pared with some standard of reference. Details of 
the actual compositions and tensile properties are 
given in Table 1. ; 

Rotating cantilever fatigue specimens of 0-300 in. 
test diameter were prepared from forged and heat- 
treated bars. Standard machining techniques were 
used and the final surfaces of the test sections 
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Table 1. ALLOY COMPOSITIONS AND TENSILE PROPERTIES 





—— 


























0-1 per Ulti- | 
| cent mate 0-1 per | Elonga- | 
| Mag- | Zinc| Mg/! proof | tensile cent tion | 

Alloy nesium | (Zn) | Zn stress | strength (P.S. (per 
| (Mg) (P.S. (U.T.8.) | U.T.S.) cent) | 
| Ib./sq. in.| lb./sq.in. | 

B 1-05 8-3 |0-13| 44,000 55,200 0-80 14-4 

¢ | 20 5-8 | 0°35| 47,600 58,300 0:80 15:5 | 

D | 30 5:1 | 0°59} 44,900 59,000 0-76 17-7 

E | 40 4:5 | 0-89} 31,000 54,300 0:57 30-0 

F 5-0 4-1 | 1-22) 31,800 53,200 0-60 27°7 

G 6-0 3-7 | 1-62} 47,000 56,000 0:84 15°5 

} 
were prepared with a tungsten carbide-tipped 
tool. 


Complete S—N curves for each alloy were not 
determined, but the results clearly showed that the 
fatigue properties vary greatly with composition 
(Fig. 1). Highest fatigue properties were obtained 
with alloys EZ, F and G, which had the largest mag- 
nesium : zinc ratios. Of these three alloys, F had much 
the best properties, and it should be noted that 
the magnesium : zinc ratio in this case was between 
those of alloys Z and G. Somewhat lower properties 
were obtained with C and D, which had zinc and 
magnesium contents similar to the current com- 
mercial high-strength alloys. Alloy B had the lowest 
fatigue strength and, in view of the high zinc content, 
this may be due partly to grain boundary brittleness. 
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Fig. 1. Partial S—N curves for the alloys 

The relationship of fatigue properties to tensile 
properties is also significant, since it has been pro- 
posed that, in aluminium alloys, good fatigue strength 
is associated with low ratios of 0-1 per cent proof 
stress to ultimate tensile strength. Alloys HZ and F 
had 0-1 per cent proof stress values well below the 
values for the other alloys. However, this can only 
partly account for the higher fatigue properties of 
these two alloys since, although they had similar 
ratios of 0-1 per cent proof stress : ultimate tensile 
“oh nal the fatigue strength of F' was notably 

tter. 

It thus seems likely that the high fatigue strength 
achieved with alloy F is primarily associated with a 
critical zine : magnesium ratio. Whether, in fact, this 
is due to the interaction of excess magnesiuin atoms 
with dislocations cannot be stated. Further experi- 
mental work is in hand and this will be reported later. 

Thanks are due to the Chief Scientist, Australian 
Defence Scientific Service, Department of Supply, 
for permission to publish this communication, and 
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to Messrs. J. Y. Mann and J. M. Finney, who carried 
out the fatigue tests. 
I. J. PoLMEAR 
Australian Defence Scientific Service 
(Aeronautical Research Laboratories), 
Box 4331, G.P.O., 
Melbourne. Feb. 23. 


1 Hanstock, R. F., J. Inst. Metals, 88, 11 (1954-55). Forsyth, P. J. E., 
and Stubbington, C. A., ibid., 88, 395 (1954-55); 85, 339 (1956-— 
57). Broom, T., and Whittaker, V. N., Nature, 177, 486 (1956). 
Forsyth, P. J. E., Phil. Mag., Ser. 8, 2, 437 (1957). Brown, T., 
Mazza, J. A., and Whittaker, V. N., J. Inst. Metals, 86, 17 (1957- 
58). Forsyth, P. J. E., Proc. Roy. Soc., A, 242, 198 (1957). 

? Polmear, I. J., J. Inst. Metals, 87, 24 (1958-59). 

’ Phillips, V. A., Swain, A. J., and Eborall, R., J. Inst. Metals, 81, 
625 (1952-53). Phillips, V. A., ibid., 81, 649 (1952-53). 

* Cook, M., Chadwick, R.,and Muir, N. B., J. Inst. Metals, 79,293 (1951). 

5 Stubbington, C. A., J. Inst. Metals, 84, 524 (1955-56) (Discussion). 


CHEMISTRY 
Electron Affinity of Oxygen 


In recent years there has been considerable 
argument concerning the electron affinity of oxygen?, 
and it is the purpose of this communication to direct 
attention to recent developments in this field resulting 
from work carried out with a Lozier ionization 
chamber apparatus in the Department of Electrical 
Engineering, University of Liverpool. A full account 
will be published elsewhere in due course. 

For many years, following the work of Lozier®, the 
value of the electron affinity of oxygen was accepted 
as 2-2 eV., and this value has recently been reinforced 
by the work of Metlay and Kimball‘, who employed 
a flame spectroscopy method. However, work by 
Branscomb and Smith’, using the elegant photo- 
detachment method, yielded a value of 1-45 + 0-15 
eV., later amended* to 1-465 + 0-005 eV., which 
was incompatible with the earlier work. The situation 
has been further confused by the work of Schiiler 
and Bingel’, who obtained values of 0-98 eV. and 
1-05 eV. using a spectroscopic method. Hagstrum!® 
attempted to re-interpret electron impact experi- 
ments in terms of the photo-detachment value, with 
some success except in the case of the dissociative 
attachment process in oxygen. However, values in 
the region of 2-0 eV. have been so consistently ob- 
tained by electron impact work in oxygen as to 
suggest that the discrepancy is not due to any of 
the more obvious experimental errors which have 
been suggested by various workers since 1955. In a 
recent paper® reasons have been advanced for 
believing that these errors do not appear, at least 
in the work carried out at Liverpool. So it may 
fairly be said that, so far as electron impact experi- 
ments are concerned, the situation has remained one 
of unresolved confusion. 

Branscomb! has attempted to resolve the situation, 
and has suggested possible errors in the work of 
Metlay and Kimball, and of Schiiler and Bingel. 
However, in my opinion, the electron impact situation 
has still remained unclarified. 

At Liverpool, measurements of the electron affinity 
of oxygen have been carried out in carbon monoxide, 
carbon dioxide and oxygen, and have yielded values 
of 1:75+4+0-1, 2:05+0-2 and 2:0+0-1 eV., 


respectively. The only apparent differences between 
the conditions of measurement lies in the initial 
kinetic energy of the ions at the electron energy at 
which they are first formed. These energies are, 
respectively, 0, 2-7, 1-6 eV. These measurements, 
and almost all earlier measurements, have been carried 
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out using an electron beam which is not entirely 
monoenergetic, and calculations have shown that, 
due to the technique employed in obtaining the 
appearance potential of ions of a given kinetic energy, 
the spread in the energy of the electrons becomes of 
considerable importance where the initial kinetic 
energy of the ions is appreciable. Correcting for 
this error, the values for the electron affinity of 
oxygen obtained in carbon monoxide, carbon dioxide 
and oxygen become respectively 1-6 + 0-2, 1-65 + 
0-3 and 1-5 + 0-2 eV., all of which are compatible 
with the photo-detachment values. This error would 
be expected to occur in all electron impact experi- 
ments which do not employ an effective electron 
energy filter, and some supporting evidence has 
apparently recently accrued from the work of 
Randolph and Geballe’’, in which great care is taken 
to eliminate any error due to electron energy spread, 
and in which a value of 1-52 + 0-1 eV. has been 
obtained. However, the appearance potential for 
O- ions reported by these workers seems to be 
remarkably low. It would then appear that values 
of E (O) obtained by the electron impact method are 
subject to a subtle experimental error which makes 
most values obtained in this way incorrect unless 
the kinetic energy of the ions involved can be 
measured and allowance made. There no longer seems 
any reason to doubt the value of 1-465 eV., obtained 
by the photo-detachment method. 

I wish to thank Prof. J. D. Craggs for his help and 
guidance, and Dr. R. Thorburn for many helpful 
discussions. I also wish to acknowledge receipt of a 
maintenance grant from the Department of Scientific 
and Industrial Research. 

B. A. Tozer 
Nuclear Engineering Laboratory, 
Queen Mary College, 

University of London. Feb. 20. 
2 Branscomb, L. M., Nature, 182, 248 (1958). 
* Morris, D. F. C., and Schmeising, H. N., Nature, 182, 249 (1958). 
® Lozier, W. W., Phys. Rev., 46, 268 (1934). 
*Metlay, M., and Kimball, G. E., J. Chem. Phys., 16, 774 (1948). 
5’ Branscomb, L. M., and Smith, S. J., Phys. Rev., 98, 1127 (1955). 
* Branscomb, L. M., Smith, 8. J., Burch, D. S8., and Geltman, S., 

Phys. Rev., 111, 504 (1958). 
’ Schiller, H., and Bingel, W., Z. Naturforsch., 10 (a), 250 (1955). 
* Hagstrum, H. D., J. Chem. Phys., 28, 1178 (1955). 
* Craggs, J. D., and Tozer, B. A., Proc. Roy. Soc., A, 247, 337 (1958). 
‘© Randolph, P. L., and Geballe, R., University of Washington Tech- 

nical Report No. 6 (1958). 


A Spectrophotometric Method for the 
Determination of Chlorine 


Rapip determination of low concentrations of 
chlorine is very important in analysis. The estimation 
of this element in the air (in industrial towns and 
factories) as well as its quantitative estimation in 
the laboratory work require rapid and _ precise 
methods. 

In this communication a _ spectrophotometric 
method for the estimation of low concentrations of 
free chlorine is described. The chlorine was dissolved 
in an organic liquid and the absorption spectrum of 
the solution was examined in the ultra-violet region. 
This spectrum is most probably due to the forma- 
tion of some complex compounds of chlorine. The 
absorption maximum of chlorine dissolved in carbon 
tetrachloride has a wave-length of about 335 mu 
‘Fig. 1) and its height is proportional to the con- 
centration of chlorine. A standard curve (Fig. 2) 
was established with a Zeiss universal spectrophoto- 
meter. The concentration of the chlorine in the 
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standard solution of the carbon tetrachloride was 
determined by potentiometric titration, and by 
dilution of this standard solution other samples were 
prepared. The sensitivity of the spectrophotometric 
method is about 2 x 10-* M, that is, about 1 pgm. 
chlorine/ml. The other methods for the determina- 
tion of chlorine (estimation as chloride ion or colori- 
metric analysis) are too slow and rather unreliable}. 

In the same way, chlorine dissolved in other organic 
liquids such as chloroform, trichlorethylene, tetra- 
chlorethylene, acetone, etc., can be. determined, 
However, these analyses are less sensitive than those 
with carbon tetrachloride. 

The method was used for the direct measurement 
of the chlorine content of carbon tetrachloride and 
chloroform irradiated with X-rays. It is also useful 
for the estimation of low concentrations of chlorine 
in the air and other gases, and for the chemical 
analysis of free chlorine. 

I wish to thank Dr. M. Horak, of the Chemical 
Institute of the Czechoslovak Academy of Sciences, 
for the measurement of the ultra-violet spectrum, 
and Mrs. Sulcové and Mr. Hru&ka, of the Institute 
of Nuclear Research, for their help in the experimental 
work. 

Zp. SpurNyY 
Institute of Nuclear Research, 
Czechoslovak Academy of Sciences, 
Praha 8—Na Truhldice 100. March 16. 
s ‘ 
mong ¥. 6., 008 Glass, J. R., J. Amer. Water Works Assoc., 4, 
* Gosline, C. A., Chem. Eng. Progr.. 48, 165 (1952). 
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Polymorphic Transitions in Anhydrous 
Sodium Sulphate 


Tue heat capacity of anhydrous sodium sulphate 
has been measured recently in a water calorimeter by 
Kreidl and Simon!, who observed only one high- 
temperature transition, at about 238°C. However, 
there are two known polymorphic transitions between 
room temperature and 300°C.: (1) the transforma- 
tion of the stable low-temperature form V to the 
intermediate form III and (2) transformation of III 
to the stable high-temperature form I. The heat of 
transition observed by Kreidl and Simon was nearly 
equal to the sum of the heats of the two known 
transitions. They concluded that in the presence of 
water, the transition V——TI occurs directly and 
reversibly, and supported this conclusion with X-ray 
diffraction data. More recently, Bird? has reported 
an irreversible transformation, V ——> I, upon heat- 
ing sodium sulphate in the absence of water. This 
oceurred at a considerably lower temperature of about 
176° C., and is based on comparison of high-tempera- 
ture X-ray diffraction patterns. 

We have now subjected anhydrous sodium sulphate 
(reagent grade) to differential thermal analysis in the 
absence of water, using a high-sensitivity apparatus®. 
The rate of heating was maintained constant at 
12 deg. min.-! over the entire range 25-350°C. ; 
however, it was not possible to control the rate of 
cooling so closely. The curves are shown in Fig. 1. 
It should be noted that the reaction peak tempera- 
tures are by no means absolute, but are constant 
only for a given set of experimental conditions. 

Only one transition peak was observed in the 
differential thermal analysis curves, beginning around 
235°C. on heating. The transition is completely 
reversible, even though the sample was free of water. 
The areas under the peaks, which are proportional 
to the heats of the reaction involved, are of the same 
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Fig. 1. Differential thermal analysis curves of anhydrous sodium 

sulphate between 25° and 350°C. (a) Heating curve, (b) heating 

curve obtained after cooling the sample (a) to 25° C.; (c) heating 
(solid line) and cooling (dotted line) curves 
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order of magnitude for both the endothermic (heating) 
and exothermic (cooling) peaks. 
We thank Mrs. M. P. Lewis for her kind assistance 
in operating the differential thermal analysis appar- 
atus. 
C. N. R. Rao 
L. V. GREGOR 
Departinent of Chemistry, 
University of California, ; 
Berkeley 4. 
Feb. 23. 

1 Kreidl, E. L., and Simon, I., Nature, 181, 1529 (1958). 

* Bird, R. J., Nature, 182, 1797 (1958). 

5 Paty diy“ and Warner, M. F., Amer. Ceramic Soc. Bull., 38, 168 


BIOCHEMISTRY and PHYSIOLOGY 


Proton Transfer and Supercontraction 
in Actomyosin 


Ir has been previously reported that the synaeresis 
of actomyosin gels with adenosine triphosphate is 
accompanied by changes in the X-ray diffraction 
pattern indicating that some part of the actin-— 
myosin complex undergoes supercontraction!. The 
recent observation by Goodall? that one or more 
protons at each active site are involved in the pro- 
duction of tension in the myofibril is in line with my 
experiments, which suggest that the supercontraction 
of myosin (or actomyosin), long postulated as the 
fundamental basis of muscle contraction®, might also 
be due primarily to some specific transfer of protons. 

Earlier investigation showed that actomyosin 
apparently supercontracted on acidification, but 
the drastic nature of the treatment (2 per cent 
acetic acid) did not preclude the possibility of arte- 
facts from partial hydrolysis. More recently, how- 
ever, I have succeeded in preparing films of acto- 
myosin from very weakly acid dispersions of the gel, 
and from neutral films weakly acidified and washed 
at neutrality, that show the characteristic reflexion 
at 4-65 A. on the meridian of the X-ray diffraction 
diagram. In every case, the hydrogen ion, rather 
than any anion combination of chloride, phosphate 
and acetate, appears to be responsible for the change. 

The transformation into the supercontracted state, 
as judged by this test, becomes detectable below 
pH 6-0. Thixotropic gels of actomyosin allowed to 
stand for 48 hr. at pH 5-0, for example, form insoluble 
precipitates indistinguishable from those formed on 
addition of adenosine triphosphate at neutrality. 
When actomyosin from fish dorsal muscle is dried 
from a slightly acidified dispersion of the gel, the 
X-ray diffraction diagram is always characterized by 
a marked cross-8 pattern, and at pH values in the 
region of 5-0 the meridional reflexion at 4-65 A. 
predominates over the 5-1 A. «-reflexion. Again, the 
X-ray diffraction diagrams of similarly prepared 
actomyosin gels dried at neutrality show a progressive 
increase in the cross-f pattern with increasing acidific- 
ation and time of treatment. Immersion of the films 
at pH 5-0 for 48 hr., for example, followed by wash- 
ing at neutrality, drying and mounting, results in 
the appearance of a clear supercontracted component 
after orientation by stretching (Fig. 1). 

The ease with which these small changes of pH 
bring about the X-ray signs of supercontraction in 
actomyosin suggests that the system is extremely 
sensitive to protons. It might be argued that although 
adenosine triphosphate induces supercontraction at 





NATURE 


Fig. 1. X-ray diagram of a film of actomyosin dried at neutrality, 
treated for 48 hr. at pH 5, washed to neutrality, re-dried and 
oriented by stretching 


neutrality, the attendant drop in pH during splitting‘ 
is in fact the cause of an artefact. It seems more 
likely, however, that the transference of protons 
during the splitting of adenosine triphosphate is the 
fundamental event itself, and that experiments 
involving protons alone are simply another expression 
of the fact that local migration of protons to some 
part of the actin—-myosin complex causes collapse of 
specific polypeptide chains. Overall shortening of the 
complex will then take place according to the 
arrangement of the sites where the adenosine tri- 
phosphate is split. 

I thank Prof. W. T. Astbury for his encouragement 
of this work, Dr. G. N. Graham for assistance in the 
preparation of actomyosin, and Mr. A. Millard for 
the photographic reproduction of Fig. 1. The work, 
which is aided by a grant from the Muscular Dys- 
trophy Associations of America, Inc., will be described 


in detail in due course. 
F. G. E. PautTarp 


Department of Biomolecular Structure, 
The University, Leeds 2. 


1 Pautard; F. G. E., Nature, 182, 788 (1958). 

® Goodall, M. C., Nature, 182, 677 (1958). 

® See, for example, Astbury, W. T., Proc. Roy. Soc., B, 184, 303 (1947) 
(Croonian Lecture, 1945). 

* Dubuisson, M., Arch. Intern. Physiol., 50, 203 (1940). 


Effect of Fatty Acid Mixtures on the 
Rice Stylet Nematode (Tylenchorhynchus 
martini Fielding, 1956) 

In the course of other experiments, the metabolic 
fatty acids produced by Clostridium butyricum 
Prazmowski were shown to be active against Tylen- 


chorhynchus martini Fielding, 1956. Fatty acids in 
aqueous solutions at those concentrations extracted 
from artificial culture filtrates proved highly effective 
in inactivating 7'. martini. 

In the present work all possible combinations of 
the extracted acids—butyric, propionic, acetic and 
formic—were prepared at concentrations of 10-*, 10-* 
and 10-* M in distilled water. Equal quantities of 
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each acid in each combination were prepared at the 
various concentrations. Twenty active nematodes 
were submerged in each acid solution at each con. 
centration until all the nematodes were quiescent, 
If the nematodes remained quiescent for 15 min. after 
they had been removed from the acid solutions into 
water they were considered to be inactivated. The 
pH of the acid solutions was determined. 
Although nematode response was variable, it is 
evident from the results presented in Fig. 1 that the 
combination of butyric and propionic acids was more 
effective at 10-* and 10-* M than either butyric or 
propionic acid alone. Other results (not presented 
in Fig. 1) show that any combination containing 2, 
3 or 4 of the above-mentioned acids was more effective 
than any one acid alone at the same molar concen- 
tration. Effectiveness of the acid mixtures was 
related to combined molecular weights. Thus, 
butyric and propionic acid mixtures were more 
effective than propionic and acetic acid mixtures, 
Relative effectiveness of the individual acids was 
dependent on their molecular weights and decreased 
in the order of butyric, propionic, acetic and formic. 
_ pH-range of all solutions was between 3-3 and 
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Fig. 1. Time in minutes required for inactivation of 7. martini 
in water solutions of butyric and propionic acids and a mixture 
of the two acids at three different molar concentrations 


Other experimental procedures thus far have 
failed to elucidate the mechanism of the effects of 
mixtures and single acids on this nematode. 

Thanks are due to Dr. John P. Hollis at Louisiana 
State University for his constructive advice during 
this study. 

Titus M. JoHNSTON 
Department of Plant Pathology, 
Louisiana State University, 
Baton Rouge, Louisiana. 
Jan. 20. 


ery T. M., Ph.D. dissertation, Louisiana State University 


Free Radicals from Chlorpromazine 


THE report has been made recently of the isolation 
in urine of a metabolite of chlorpromazine which 
was designated as a free radical from its electron 
spin resonance'. Absorption data revealed no distinct 
characteristics in the ultra-violet and visible ranges. 
The same compound was formed also by photo- 
oxidation with ultra-violet light. The oxidation-level 
of the free radical was thought to be intermediate 
between chlorpromazine and its sulphoxide, and, as 8 
result, a provisional formula was suggested involving 
the heterocyclic sulphur. 
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As a result of oxidation of chlorpromazine with 
hydrogen peroxide and peroxidase, Cavanaugh* 
obtained a red reaction product which had an 
absorption maximum at 527 my as well as an identical 


§ absorption in the ultra-violet as the sulphoxide. It 


was concluded from kinetic data that this substance 
was @ precursor of the sulphoxide. 

Finally, Dushinsky and Lishkova* obtained a red 
reaction product from the oxidation of chlorpromazine 
and ceric sulphate, which was considered to be a free 
radical from titrimetric evidence. 

We have found chlorpromazine easily oxidized by 
ferric salts‘ in dilute acidic media, resulting in a red 
reaction product. The reaction appears to be specific 
for it does not occur with cupric, mercuric, zinc, 
molybdate, cobaltic, manganic or chromic ions. Nor 
does it occur when the iron is complexed as in ferri- 
cyanide. There is also some specificity on the part 
of chlorpromazine, for the sulphoxide does not give 
the reaction. However, if concentrated sulphuric 
acid is added, the sulphoxide does react, as, of course, 
does chlorpromazine’. This may be useful in differ- 
entiating the two compounds. 

The red reaction product formed has absorption 
maxima at 530 and 255 my and a broad band in 
the range 270-275 my. This differentiates it from 
the substance investigated by Forrest et al.1. The 
absorption in the 270 my range is characteristic of 
the sulphoxide*, and one would be led to agree with 
the proposal that the red-coloured reaction product 
is a precursor of the sulphoxide. However, this can- 
not account for the fact that the sulphoxide itself 
forms a red reaction product with concentrated 


; sulphuric acid which has an absorption maximum 


at 530 mu. 

The stoichiometry of the reaction may be de- 
termined by assuming that better than 90 per cent of 
coloured reaction product is formed in concentrated 


' sulphuric acid. This has been found true for other 


phenothiazine derivatives’, and it can be used as a 
standard to determine the amount of coloured reaction 
product formed in the reaction with ferric ion. This, 


| together with the determination of ferrous ion formed 
using different concentrations of reactants (Table 1), 


indicates that two molecules of ferric ion are necessary 
to oxidize chlorpromazine. This stoichiometry would 
favour a quinoid formulation rather than a free 
radical for the coloured reaction product. The ease 


| with which chlorpromazine reacts with ferric ion 
| suggests that the pharmacological activity of chlor- 


promazine might involve the cytochrome system. 
Evidence in this direction has been recorded in the 


| literature’, 


Table 1 


(C.R.P.) formed (Fe*+) formed | (Fe**)/(C.R.P.) 


00069 : 2-2 
0-0083 . 

0-014 
0-015 
0-018 








0-022 
0-023 
0-023 
0-025 


1- 
2: 
2: 
2: 
2: 
2: 
1° 
2: 

=2- 


= CO Go CO bo mm CO CO 00 








Average 








C.R.P., coloured reaction product. 


We are grateful to Smith Kline and French 
Laboratories for a gift of chlorpromazine and its 
sulphoxide. This research is supported by a grant 
from the Psychiatrie Training and Research Fund, 


| Illinois Department of Public Welfare, through the 
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Department of Pharmacology, Stritch School of 
Medicine, Loyola University, Chicago. 
I. Gorpon FEts 
Radioisotope Service, 
Veterans Administration Hospital, 
Hines, Illinois. 
Marty KauFrMANn 
Department of Pharmacology, 
Stritch School of Medicine, 
Loyola University, 
Chicago, Illinois. 
Feb. 26. 
* Forrest, 8., Forrest, F. M., and Berger, M., Biochim. Biophys. Acta, 
29, 441 (1958). 
* Cavanaugh, D. J., Science, 125, 1040 (1937). 
* Dusninsky, G., and Lishkova, O., Chem. Zvesti, 12, 213 (1958); 
Chem. Abs., 58, 12681f (1958). 
‘Fels, I. G., Kaufman, M., and Karezmar, A. G., Abs. Amer. Soc. 
Pharm. and Exp. Therap.. Ann Arbor, Michigan (Aug. 26, 1958). 
5 Dubost, P., and Pascal, S., Ann. Pharmaceut. Franc., 11, 615 (1953). 
* Brodie, B. B., and Salzman, N. P., J. Pharm. Exp. Therap., 118, 
46 (1956). 
? Michaelis, L., Shubert, M. P., and Grannick; 8., J. Amer. Chem. Soc., 
62, 204 (1940). 
® Abood, L. G., Proc. Soc. Exp. Biol. Med., 88, 688 (1955). Bernsohn, 
J., Namajuska, I., and Cochrane, L., ibid., 92, 201 (1956). 


Isolation of an Activator for 
Phospholipase D 


W8BILE working on the purification of phospholipase 
D for use in connexion with other studies on phos- 
pholipids' we observed that incubation with the 
enzyme released choline from commercial soy bean 
lecithin, but not from synthetic 1-«-dipalmitoyl 
lecithin or carefully purified lecithins from egg, yeast 
and soy beans. The apparent discrepancy has been 
resolved by isolation of an activating phospholipid 
from commercial soy bean lecithin preparations. 

The incubations were conducted in 2 ml. of acetate 
buffer, pH 5-8, containing 0-05 molar calcium. The 
requirement for the latter ion as reported by Davidson 
et al.? was not affected by the presence of the activator. 
Enzymatic activity was determined by assaying the 
amount of choline liberated*. 

The enzyme was purified by centrifugation at 
20,000g of an aqueous extract of cabbage acetone 
powder. The supernatant solution was lyophilized, 
redissolved in one-tenth the original volume of water 
and precipitated between 40 and 66 per cent of 
saturation with ammonium sulphate. 

This procedure increased the specific activity 
eighty-fold. The total enzymatic activity recovered 
from the precipitation was approximately twice that 
of the original extract, apparently because of the loss 
of an inhibitor which has been previously reported**. 
Cabbage acetone powder provides an exceptionally 
stable source of the enzyme ; a preparation stored at 
—10° C. has yielded active extracts for more than 
two years. 

The activator was first separated from substrate by 
chromatography on a silicic acid column. However, 
this separation could be more rapidly effected by a 
precipitation procedure in which 100 ml. of ethanol 
was added to a solution of 5 gm. of commercial 
lecithin in 25 ml. of ether. The residue from evapora- 
tion of the mother liquor was reprecipitated from 
10 ml. of ether. 

Chromatography of 200 pgm. aliquots on silicic 
acid impregnated paper in system A of Marinetti and 
Stotz* showed that lecithin was absent from the 
combined precipitates but that a slightly more polar 
spot, similar in Ry to phosphatidy] inositol, was present 
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A B Cc D 
Fig. 1. Chromatograms of soy bean phospholipids on paper 
impregnated with silicic acid. Ascending solvent was di-isobutyl 
ketone/acetic acid/water, 40:30:7. A, ethanol-insoluble pre- 
cipitate containing activator; B, ethanol-soluble fraction ; 
C, lecithin substrate; D, activator after purification by column 
chromatography. All spots were visualized by immersion in dilute 
rhodamine G. Spots labelled NR also reacted with ninhydrin 


as a major component. Almost none of this latter 
substance was present in the mother liquor (Fig. 1). 

Separate incubations of precipitate, mother liquor 
residue and a reconstituted mixture of the two 
components in amounts equivalent to a total of 
20 mgm. of starting material released 0-02, 0-17 and 
0-52 umole of choline respectively. The latter figure 
was in good agreement with the 0-59 umole released 
from 20 mgm. of starting material. 

Purified lecithin for use as a substrate in further 
experiments was obtained by chromatography of the 
residue from evaporation of the mother liquor on 
alumina and silicic acid according to the procedures 
of Hanahan and Jayko’ and Lea, Rhodes and Stoll’. 

The activating factor was purified from the crude 
alcohol precipitates by chromatography on silicic acid. 
Fractions of the eluates from these columns were 
examined by paper chromatography and by incuba- 
tion with 10 mgm. amounts of pure lecithin and 
phospholipase D. The results indicated that the 
enhancement of the hydrolysis of lecithin was 
associated with the component that was slightly less 
mobile than lecithin on the impregnated papers of 
Marinetti and Stotz. The chromatographic properties 
of this substance were indistinguishable from those 
of a phosphatidyl] inositol prepared from peas*® which 
was also found to activate the hydrolysis of lecithin 
by phospholipase D. 

In the final isolation procedure columns of Mallinck- 
rodt silicic acid containing 30 gm. adsorbent/ 
gm. of lipid were eluted with chloroform-methanol 
9:1 v/v until the yellow colour moving down the 
semi-translucent column was well separated from an 
opaque band which remained at the top. The latter 
was isolated by extrusion of the column, and a slurry 
of ‘the extruded silicic acid in chloroform—methanol 
was poured into a smaller column. This material was 
eluted with chloroform—methanol 9:2 v/v until no 
weighable residue remained from the evaporation of 
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2 ml. of eluate. Chromatographically pure material 
could then be recovered by elution of the column 
with chloroform—methanol 7 : 3. 

Inositol, but no choline or amines reacting with 
ninhydrin, could be identified chromatographically" 
in the water-soluble products from hydrolysis of this 
fraction for 48 hr. in 6 N hydrochloric acid. This, 
together with the chromatographic properties, indic. 
ates that the activator is the phosphatidyl inositol] 
characterized by Okuhara and Nakayama" and by 
Hanahan and Olley*?. 

The effects of the purified activator on the hydroly. 
sis of lecithin are summarized in Table 1. 

Table 1. EFFEcT OF INCREASING AMOUNTS OF ACTIVATOR ON TorTAL 
CHOLINE RELEASED IN 15 MIN. FROM AN INCUBATION MIXTURE cov- 
TAINING 5 MGM. LECITHIN AND 0°12 MGM. ENZYME/ML. 


Mgm. activator/ml. Choline released 
of incubation mixture (umoles) 


Another enzyme, phospholipase B of Penicillium 
notatum, has been shown by Dawson!* to hydrolyse 
the ester bonds of lecithin only if phosphatidyl 
inositol or certain other lipid activators are present. 
It is possible that similar mechanisms are involved 
in the activation of the two enzymes, although the 
role of the inositide is still obscure. The two systems 
appear to differ markedly in their response to calcium 
ion, which is obligatory for phospholipase D activity, 
but which has been reported" to inhibit the activation 
of phospholipase B, perhaps by interfering with the 
formation of a complex between lecithin and phos- 
phatidy1 inositol. 

HERBERT WEISS 
HersBert E. SPrecer 
Etwoop Trrus 
Laboratory of Chemical Pharmacology, 
National Heart Institute, 
National Institutes of Health, 
Bethesda, Maryland. Feb. 19. 
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120, 99 (1957). 
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Prevention of Freezing Damage to Living 
Cells by Dimethyl Sulphoxide 

Polge, Smith and Parkes! first reported the protec- 
tive action of glycerol against the adverse effects on 
spermatozoa of freezing and thawing. Lovelock’ 
found that the protective action of glycerol was 
shared with a number of other neutral solutes of low 
molecular weight, including methanol, acetamide 
and glyceryl monoacetate. Using the extent of 
hemolysis of red blood-cells as a measure of damage 
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at 72° CC. 


Extent of hemolysis after freez- 
(per cent) 





ing for 15 min. 





Concentration of glycerol or dimethyl sulphoxide 
(percentage by weight) 


Fig. 1. The protective action of glycerol and of dimethy] sulph- 
oxide against the hemolysis of human (left) and bovine (right) 
red blood-cells by freezing and thawing. (@, After prior exposure 
to glycerol for 30 sec.; @, after prior exposure to dimethyl 
sulphoxide for 30 sec.; (1, after prior exposure to glycerol for 
2hr.; O, after prior exposure to dimethyl sulphoxide for 2 hr.) 


by freezing, it was concluded that the principal 
protective action of the neutral solutes was a simple 
consequence of their ability to prevent the excessive 
concentration of electrolytes and other substances 
that otherwise occurs on freezing. The protective 
property is limited to substances that are in them- 
selves not toxic, have a low molecular weight, a high 
solubility in aqueous electrolyte solutions and an 
ability to permeate living cells. The number of 
solutes capable of fulfilling these conditions is small, 
and so far glycerol most closely approaches the ideal 
protective agent. Some cells, however, are imper- 
meable to glycerol, for example, bovine red blood 
cells, and with these glycerol is of little use in their 
preservation by cold storage. An alternative solute 
with a greater permeability to living cells is dimethyl 
sulphoxide. This communication reports the pro- 
tective action of dimethyl sulphoxide against freez- 
ing damage to human and bovine red blood cells 
and to bull spermatozoa. 

Freshly drawn human or bovine red blood cells 
were suspended in 0-16 M sodium chloride solution 
containing 0-1 per cent glucose. The cell suspensions 
were cooled to 0°C. and to them was added either 
glycerol or dimethyl sulphoxide to provide final 
concentrations of 2, 5, 10 and 15 per cent by weight. 
After allowing intervals of between 10 sec. and 
2 hr. for the solute to penetrate the cells, they 
were frozen to —79°C. by immersing the test-tubes 
containing the suspensions in a bath of ethanol and 
solid carbon dioxide. After freezing for 15 min., 
the cell suspensions were thawed by immersion in 
warm water (35°C.). The extent of hemolysis was 
observed after sedimenting the undamaged cells in 
a The results of this experiment are shovn 
in Fig. 1. 

Bull semen was mixed with an equal volume of 
egg-yolk — citrate diluent® and cooled slowly during 
l hr. to + 4°C. Solutions of either dimethyl sulph- 
oxide or glycerol in 0-16 M sodium chloride con- 
taining 0-1 per cent glucose, also at + 4°C., were 
then mixed with the suspensions of spermatozoa in 
the proportion 9 to 1. After 30 min. at + 4°C., to 
allow the permeation of the cells by the solutes, the 
Suspensions contained in small test-tubes were 
frozen to — 30°C. and left at this temperature for 
5 min. Part of the frozen suspension at — 30°C. 
was thawed and examined for motility and part 
was frozen further to — 79°C. After 15 min. 
at the lower temperature, the suspensions were 
thawed in warm water at + 35°C. and examined 
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for motility. The results showed that dimethyl 
sulphoxide provided some protection against the 
damaging effects of freezing, but that, under the 
experimental conditions used, this was less than the 
protection afforded by glycerol. Motility persisted 
for several hours in 15 per cent dimethyl sulphoxide 
at room temperature, thereby suggesting that the 
toxicity of this solute, at least to spermatozoa, is low. 

With both bovine and human red blood-cells, di- 
methyl sulphoxide penetrates the cells more rapidly 
than does glycerol and less of the solute is required for 
complete protection against damage by freezing. With 
bovine red blood-cells, the difference in rate of pene- 
tration was outstanding: 2 hr. equilibration with 
glycerol before freezing gave only poor protection 
whereas 30 sec. with dimethyl sulphoxide was suffi- 
cient for complete protection. Dimethyl sulphoxide 
does not, under the conditions used, appear to be as 
effective as glycerol in the protection of bull sperm- 
atozoa, but (in view of the sensitivity of this cell to 
freezing damage) the partial protection observed is of 
some interest and is shared by few other solutes‘. 

A wide variety of living tissues can now be pre- 
served in the frozen state through the protective 
action of glycerol ; some, however, because of their 
large size or the impermeability of their membranes 
to glycerol are permeated by this substance so slowly 
that protection is slight. With this type of tissue, 
dimethyl sulphoxide, provided it proves to be other- 
wise harmless, may serve as an alternative protective 
agent. 

J. E. LovEtock 
M. W. H. BisHop 

National Institute for Medical Research, 

Mill Hill, London, N.W.7. Feb. 12. 
1 Polge, C., Smith, A. U., and Parkes, A. S., Nature, 164, 666 (1949). 
2 Lovelock, J. E., Biochem. J., 56, 265 (1954). 
* Bishop, M. W. H., Stud. Fertility, 6, 81 (1954). 
* Lovelock, J. E., and Polge, C.. Biochem. J., 58, 618 (1954). 


Ethylenediamine Tetraacetate and the 
Intestinal Absorption of Vitamin By» 


For the laboratory, as opposed to the clinical, 
analysis of the defective absorption of vitamin B,, 
in pernicious anemia caused by the lack of Castle’s 
intrinsic factor, several methods have been developed 
since radioactive preparations of the vitamin became 
available. In the first the absorption is studied by 
measuring the radioactivity of the feeces produced by 
gastrectomized rats given a test dose of labelled 
vitamin B,,, with or without an intrinsic prepara- 
tion!-8, The defect of absorption in these animals 
closely resembles that found in pernicious anemia in 
humans‘. In a second method slices or homogenates 
of rat liver or strips of rat intestine are exposed to a 
preparation of hog intrinsic factor and simultaneously 
or afterwards to labelled vitamin B,,5-?. With this 
technically simpler im vitro method hog intrinsic 
factor was found to increase the uptake of vitamin 
B,, by the tissue preparation. This effect is depen- 
dent on the presence of calcium in the incubation 
fluid and can be abolished by the addition of ethylene- 
diamine tetraacetate (as the disodium salt dehydrate) 
to the medium®’. 

In this communication results on the effect of 
ethylenediamine tetraacetate on the intestinal 
absorption of radioactive vitamin B,, by gastrecto- 
mized rats are presented. We preferred the use of 
animals in which the entire stomach had been resected 
because in this way a possible influence of endogenous 
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Table 1. FACAL RADIOACTIVITY EXPRESSED AS A PERCENTAGE OF 

THE TEST DOSE IN GASTRECTOMIZED RATS GIVEN on ‘005 »GM. VITAMIN 

B,,.-**Co + 0°56 ML. NEUTRALIZED RAT GASTRIC JUICE, TOGETHER 
WITH 





| 1 ml. water | 1 mi. 5 per cent EDTA* | 1 ml. 10 per cent EDTA* 














* EDTA, ethylenediamine tetraacetate 





intrinsic factor is excluded. The rats were given 
0-005 ugm. vitamin B,,—**Co and 0-5 ml. rat gastric 
juice with 1 ml. tap-water or 1 ml. 5 per cent or 1 ml. 
10 per cent ethylenediamine tetraacetate solution by 
@ thin rubber catheter introduced into the cesophagus. 
The radioactivity of the feces collected over the 
following four days was determined. The results 
summarized in Table 1 indicate that the large amounts 
of ethylenediamine tetraacetate, which were suffi- 
cient to cause diarrhoea in a number of animals, did 
not impair the intestinal absorption of vitamin B,.. 
Apart from this lack of effect there are other points 
of disagreement between the results obtained with 
the in vitro method and the observations using 
gastrectomized rats. In the operated animal, rat 
gastric juice or rat stomach preparations are the 
only effective sources of intrinsic factor, while different 
hog intrinsic factor preparations are inactive‘. The 
effect of hog intrinsic factor concentrates promoting 
the uptake of radioactive vitamin B,, by tissue 
preparations in vitro is not shared by rat gastric 
juice’’. In the in vitro test, rat liver slices, which are 
exposed to a hog intrinsic factor concentrate and then 
washed prior to incubation with vitamin B,,, show 
an increased uptake, while in the gastrectomized rat 
intrinsic factor is active only when given simul- 
taneously with labelled vitamin B,,‘*. The results of 
the in vitro experiments with rat liver slices are 
therefore difficult to evaluate when one attempts an 
analysis of the physiologically characteristic activity 
of the intrinsic factor which promotes the intestinal 
absorption of vitamin B, >. 
J. ABELS 
M. G. WOLDRING 
H. O. Nrewee 
J. G. FABER 
J. A. DE VRIES 
Department of Medicine and the 
Radioisotope Institute, 
University of Groningen, 
and Research Laboratories, 
N.V. Philips-Roxane, 
Weesp, Netherlands. Feb, 23. 
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Role of Liver in Metabolism of 
Chlorpromazine 


In previous studies' we demonstrated that the 
intact rat was capable of demethylating chlorproma. 
zine-(N-methyl)-“C when production of carbon 
dioxide was used as an index of demethylation. The 
liver seemed to be the likely tissue responsible for 
these findings, since Mueller and Miller? had found 
that homogenates of rat liver were capable of 
demethylation. La Du et al.* later developed a 
simpler system for demethylation using homogenate; 
of rabbit, rat and guinea pig livers. However, using 
the system of La Du e¢ al., Salzman and Brodiet 
reported that no demethylation of chlorpromazine 
occurred with rabbit liver. Since we had observed 
the in vivo demethylation of chlorpromazine, we 
decided to study its in vitro demethylation by fortified 
homogenates of rabbit and rat liver prepared accord- 
ing to these procedures*’, 

Non-fasted adult male rabbits (3-0—-4-0 kgm.) and 
adult male Long Evans rats (225-250 gm.) were killed 
by a blow on the head, exsanguinated, and the livers 
were quickly removed. Homogenates of rat liver 
initially were made according to the procedure of 
Mueller and Miller, and fortified with their medium 
consisting of nicotinamide, adenosine triphosphate, 
di- and tri-phosphopyridine nuleotides, magnesium 
chloride, potassium chloride and phosphate buffer, 
pH 7-4, except that 0-12 umole of glucose-6-phosphate 
was substituted for glucose-1,6-diphosphate. Rat 
livers were also homogenized according to the 
procedure of La Du e¢ al., and fortified with their 
medium consisting of nicotinamide, triphosphopyri- 
dine nucleotide, magnesium chloride and phosphate 
buffer, pH 7-4. The latter homogenates of rat liver 
were also fortified with the medium of Mueller and 
Miller. Homogenates of rabbit liver were prepared 
according to the procedure of La Du e¢ al., and 
fortified with their medium. 

Incubations of labelled chlorpromazine with 33 per 
cent homogenates prepared according to the procedure 
of La Du eé al., and 10 per cent homogenates prepared 
according to the method of Mueller and Miller were 
conducted aerobically in closed vessels for 1 hr. at 
37° C. in a Warburg apparatus. The supporting 
media contained 110-115 pgm. chlorpromazine and 
approximately 2-7 x 105 c.p.m. Liberated carbon 
dioxide was trapped as carbonate in 10 per cent 
sodium hydroxide solution in a centre well. At the 
end of incubation trichloracetic acid was added to 
the contents of the main chamber in order to liberate 
bound carbon dioxide. After another hour of 
incubation the carbonate in the centre well was 
precipitated as barium carbonate, and radioactivity 
was determined!. The influence of reagents or homo- 
genates inactivated by heat on the liberation of the 
carbon-14 label was followed by incubating the 
complete medium with the solution used for homo- 
genization or with homogenates heated at 100° C. 
for 5 min. 

The results are reported in Table 1. Under the 
conditions of these experiments, it is evident that 
chlorpromazine-(N-methyl)-*C was demethylated by 
homogenates of rabbit liver when adequately forti- 
fied. On the other hand, the labelled compound is 
demethylated by homogenates of rat liver prepared 
by either procedures for homogenization only when 
the medium of Mueller and Miller was used. 

The ability of the liver to diminish the pharmacol- 
ogical activity of chlorpromazine by oxidation of the 
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Table 1. PRODUCTION OF CARBONATE-“C FROM CHLORPROMAZINE- 
(N-METHYL)-“C BY HOMOGENATES OF RABBIT AND RAT LIVER 





Ref. No. for 
preparation 
of homo- 
genat 


Percentage of substrate-“C 
recovered as Ba"*CO, 


Ref. No. 
medium Active Boiled 
homogen- homo- 


ate genate 
43 -9-44-3 0-0005 
0004 


0 0-0001 
40-1-40 -2 — 
33 -8-33-9 | 0-0001 


Species 
Reagents 





0-0003 
00003 


0-0001 























sulphur atom of the phenothiazine nucleus was 
suggested by earlier observations. Salzman and 
Brodie found that homogenates of rabbit liver 
yielded chlorpromazine sulphoxide, which is pharma- 
ecologically less active than the parent compound. 
More recently, Kamm e¢ al.° observed that homogen- 
ates of the livers of guinea pigs, rabbits, dogs, mice 
and monkeys also produced chlorpromazine sul- 
phoxide. The present findings re-emphasize the 
capacity of the liver to diminish the pharmacological 
activity of chlorpromazine since pharmacological 
testing in these laboratories showed that 2-chloro- 
[10-(methylaminopropy]l)]-phenothiazine hydrochlor- 
ideand 2-chloro-[10-(aminopropy])]-phenothiazine hy- 
drochloride were less active than chlorpromazine‘. 
We wish to thank Dr. W. Holmes for his advice 

during the initial phases of these studies. 

R. L. Youne 

J. J. Ross, Jun. 

A. R. Maass 
Smith Kline and French Laboratories, 


Philadelphia. Feb. 26. 


1 Ross, jun., J. J., Young, R. L., and Maass, A. R., Science, 128, 1279 
(1958). 

‘Mueller, G. C., and Miller, J. A., J. Biol. Chem., 202, 579 (1953). 

*La Du, B. N., Gaudette, L., Trousef, N., and Brodie, B. B., J. Biol. 
Chem., 214, 741 (1955). 


‘Salzman, N. P., and Brodie, B. B., J. Pharmacol. Exp. Therap., 
118, 46 (1956). 

oy :: J., Gillette, J. R., and Brodie, B. B., Fed. Proc., 17, 382 
(1958). 

*Cook, L. (unpublished work). 


Selective Permeability of Living Tissues 


to Carbonic Acid 


RECENT investigations of the influence of carbon 
dioxide on the action of certain drugs and on anti- 
body fixation? have suggested that this substance 
may be able to diffuse freely through the cell mem- 
brane and thereafter modify from inside the reactivity 
of some specific receptors. It has been demonstrated 
by Arvanitaki® and more recently by Caldwell‘ that 
carbon dioxide can alter the intracellular pH of 
certain nerve and muscle fibres. 

The following investigations provide evidence that 
carbonic acid diffuses rapidly through living tissues 
and membranes. 

Experiments were carried out with carp (Cyprinus 
carpio) swim-bladder, rabbit bladder and guinea pig 
colon. The experimental apparatus is shown in 
Fig. 1. The inside of the organ was filled with Tyrode 
solution buffered with 1-2 mM NaHCo, and adjusted 
to pH about 7-2. The liquid outside the membrane 
was a Tyrode solution buffered either with NaHCO, 
(1:2 mM) or with sodium maleate (12 mM). In the 
first case, the pH was adjusted to 4-8 by saturation 
with carbon dioxide, while in the second case the 
pH was lowered to the same value by addition of the 
Proper quantity of maleic acid. The pH of the internal 
solution was measured potentiometrically at different 
times. Experiments with the fish swim-bladder were 
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Fig. 1. Experimental apparatus. A and A’, electrodes ; B, mixer ; 
C, internal solution; D, membrane; £Z, external solution 


performed at room temperature (18 + 2° C.) while 
those with mammalian tissues were carried out at 
37° C. 

When the pH of the external solution was lowered 
by saturation with carbon dioxide, a gradual decrease 
of the pH of the internal solution was regularly 
observed. On the contrary, when the external solu- 
tion was acidified with maleic acid, no significant 
changes of the pH of the internal solution were 
observed. <A typical experiment is represented in 
Fig. 2. Similar negative results were obtained by 
acidification of the external solution with acetic, 
benzoic, succinic or hydrochloric acids: none of 
these acids was able to acidify the solution on the 
other side of the membrane. 

In certain experimental conditions the pH of the 
internal solution can be brought down to a level 
which is lower than that of the external one. That 
happens when the external Tyrode solution is buffered 
with 60 mM NaHCO, and saturated with carbon 
dioxide. The result of such an experiment is presented 
in Fig. 3. 

Experiments performed by acidifying the internal 
fluid have proved that the behaviour of the tissue 

A B 
CARP SWIMBLADDER RABBIT BLADDER 


Maleic acid 
ee ee Pe Soler enero | 


0-6 -c SS, 
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pH of the external solution __ Pa Be enteret a 


pH of the internal solution 
pH of the internal solution 











T “r 


Minutes 


5 10 5 5 
Minutes 
Fig. 2. Modifications of the pH of the internal solution after 


acidification of the external solution with carbonic acid or with 
maleic acid 
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Fig. 3. Modification of the pH of the internal solution after 

saturation with carbon dioxide of the external solution, buffered 

with 60 wmol./l. of NaHCO, 
is very similar: acidification of the external soiution 
was observed with carbonic acid but not with maleic 
acid. 

These results suggest that carbonic acid can pass 
through the living membrane and cause the acidifica- 
tion of the internal medium. It can be postulated 
that what occurs with such complex tissues as the 
bladder or colon may also occur with single cells. 
But this remains to be proved. The selective perme- 
ability of carbonic acid has not been observed with 
artificial membranes such as ‘Cellophane’ tubing, and 
in this case the movements of the acids obey the 
general laws of simple diffusion. 

B. N. HALPERN 
R. BrINAGHI 
Clinique Médicale Propédeutique 
Association Claude Bernard, 
C.N.R.S., 
H6pital Broussais, 
Paris. 
Feb. 24. 
* Halpern, B. N., C.R. Soc. Biol., 150, 505 (1956). 
* Halpern, B. N., Liacopoulos, P., Liacopoulos-Briot, M.,and Binaghi, 
R., C.R. Acad. Set., 247, 1798 (1958). 
® Arvanitaki, A., and Chalazonitis, N.,C.R. Soc. Biol., 148, 952 (1954). 
“Caldwell, P. C., J. Physiol., 142, 22 (1958). 


Distribution of 5-Hydroxytryptamine in 
Scorpion Venoms 


IN previous communications!? the occurrence of 
high concentrations of 5-hydroxytryptamine in the 
venom of Leiurus quinquestriatus was reported. Since 
then, the venom of Buthotus minax L. Koch (another 
common local species) has been found to contain 
much smaller amounts of 5-hydroxytryptamine, and 
this observation has been correlated with the histo- 
logical appearance and histochemical reactions of 
the venom glands. 

The method of obtaining venom and its subsequent 
treatment has been described previously, as have the 
histological methods used'*. The venoms of both 
B. minax and L. quinquestriatus were obtained over 
the same period of the year, and estimations of the 
5-hydroxytryptamine content were made on the 
pooled venom of each. Sections of venom glands 
were prepared at the same time, and treated simul- 
taneously. The assay of 5-hydroxytryptamine was 
carried out on the fundus of the rat’s stomach by 
Vane’s method*. This preparation is particularly 
sensitive to 5-hydroxytryptamine and is also rela- 
tively specific for this substance in the presence of 
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L. quinquestriatus venom giand, 10, argentaffin reaction 


Fig. 1. 
with Fontana’s ammoniacal silver method. (x 400) 


hyoscine (10-7 gm./ml.). Specificity was also tested 
by antagonizing venom-induced contractions with 
2-bromo-lysergic acid diethylamide (5 x 10-* gm./ml.) 
(we are indebted to Sandoz, Ltd., Basle, for a gift 
of 2-bromo-lysergic acid diethylamide). 

Assays of the venom of B. minaz on the fundus of 
rat’s stomach indicated a concentration of 0-03- 
0-04 ugm. 5-hydroxytryptamine/mgm. dry weight of 
venom. Paper electrophoretic separations when 
treated with acid ninhydrin‘ showed no fluorescence 
in ultra-violet light. Estimates of 5-hydroxytrypt- 
amine in the venom of DL. quinquestriatus on the rat 
fundus preparation confirmed the previously reported 
concentration of 2-4 ygm. 5-hydroxytryptamine/ 
mgm. of dry venom. 

The general organization of the venom gland of 
B. minax is similar to that of L. quinquestriatus ; 
but the rather prominent coarse granules that appear 
in the latter gland after formalin fixation are much 
less abundant in the case of B. minax. A high pro- 
portion of these coarse granules in the glands of 
L. quinquestriatus are argentaffin (Fig. 1), whereas 
no argentaffin structures were seen in the case of 
B. minax (Fig. 2). Similarly, in sections of L. quin- 
questriatus granules which give a positive diazo 
reaction with fast red salt B are seen, but in sections 
of B. minax the diazo reaction is negative. Distinct 
yellow-green fluorescence in ultra-violet light was 
observed in a proportion of the coarse granules and 
some fine-granular cells in L. quinquestriatus. No 
fluorescence was seen in sections of the glands of 


B. minaz venom 


Fig. 2. 
silver me’ 


‘ 


d, 104, Fontana’s ammoniacal 
(« 460) 
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B. minax. The indole reaction was marked in many 
cells in sections from L. quinquestriatus glands ; but 
sections from minax glands showed only a few 
faintly positive structures. This reaction does not 
appear to be so specifically connected with the coarse 

ules as are the other histochemical methods used, 
but seems to spread throughout whole cells, which 
exhibit a very fine granular structure. These same 
cells give @ positive Sakaguchi reaction for arginine. 

Sections of venom glands of Parabuthus hunteri 
(a less common species here) have also been examined 
and found to show the same structure and histo- 
chemical reactions as do sections from. glands of 
L, quinquestriatus but in much less-marked fashion. 
j-Hydroxytryptamine is present in this venom in 
sufficient quantity to produce fluorescence after 
treatment with acid ninhydrin; but insufficient 
venom has been available so far to give a reliable 
estimate of the content of 5-hydroxytryptamine. 

It seems remarkable that species of the same 
family (Buthidae) should show such a marked 
difference in the 5-hydroxytryptamine content of 
their respective venoms, that of B. minax being about 
one hundredth of that found in LD. quinquestriatus. 
So far as can be observed, minax venom is as effective 
in its normal function of paralysing active prey as 
is the venom of L. quinquestriatus, and this leads to 
speculation as to whether the 5-hydroxytryptamine 
in venom serves any biologically useful purpose. It 
can undoubtedly contribute largely to the pain caused 
by a@ scorpion sting (Adam and Smith, unpublished 
observations) and this has been suggested as being 
| of survival value (cf. Collier®). Nevertheless, B. minax 
seems capable of surviving well enough though its 
venom has the reputation of being less toxic to man 
than is that of L. quinquestriatus, and this may well 
be attributed partly to the lower content of 5-hydroxy- 
tryptamine and partly to the fact that minaz is a 
smaller scorpion and has a smaller quantity of venom 
at its disposal. However, the various current hypo- 
theses of the normal function of 5-hydroxytryptamine, 
which include a possible neurohumoral role in some 
invertebrates and an action as a central transmitter 
in mammals (cf. Page*), tend to persuade one that 
the presence of 5-hydroxytryptamine in venoms is 
not entirely fortuitous. 

In a previous paper’, it was reported that cells 
of venom glands of L. quinquestriatus did not always 
show clearly positive enterochromaffin reactions’. 
In the present work all the typical enterochromaffin 
reactions were found to be strongly positive. A 
possible explanation for these differences may be that 
the production of 5-hydroxytryptamine by the venom 
glands varies at different times of the year. How- 
ever, such a variation in the 5-hydroxytryptamine 
content of the venom could not be found since estima- 
tions of it were carried out on venom which was 
collected and pooled over periods of several months. 
The sections of B. minaz and L. quinquestriatus 
glands were made at the same time of the year and 
treated simultaneously, and therefore, from this point 
of view, comparison is valid. Only faintly positive 
results to the enterochromaffin reactions were 
obtained with B. minax sections. This correlates well 
with the contrast in 5-hydroxytryptamine contents 
of the respective venoms and adds further weight 
to the concept that cells showing enterochromaffin 
reactions are producers or storers of 5-hydroxy- 
ttyptamine. 

The indole reaction is much less specific ; but in 
this ease the strongly positive result obtained with 


L. quinquestriatus sections probably indicates that 
the reaction occurred with 5-hydroxytryptamine ‘or 
its precursors, since a very weak reaction was seen 
in sections of B. minax, and since the other constitu- 
ents of the two venoms seem to be similar (Adam 
and Weiss, unpublished observations). 
K. R. Apam 
C. WEIss 
Department of Physiology, 
University of Khartoum, 
Sudan. Feb. 18. 
1 Adam, K. R., and Weiss, C., Nature, 178, 421 (1956). 
* Adam, K. R., and Weiss, C., J. Exp. Biol., 35, 39 (1958): 
* Vane, J. R., Brit. J. Pharmacol., 12, 344 (1957). 
‘Jepson, J. B. ,and Stevens, B. J., Nature, 172, 772 (1953). 
5 Collier, H. O. J., in “5-Hydroxytryptamine”’, edit. by Lewis, G. P. 
(Pergamon Press, London, 1958). 
® Page, I. H., Physiol. Rev., 38, 277 (1958). 
? Erspamer, V., J. Physiol., 127, 118 (1955). 


An Effect of Insulin on Peptide Synthesis 
independent of Glucose or Amino-Acid 
Transport 


InsuLtIn enhances incorporation of amino-acids 
labelled with carbon-14 into protein of isolated 
rat diaphragms independent of its action in facil- 
itating entry of glucose!-*. Kipnis and Noall‘ report 
that in similar circumstances insulin increases the 
accumulation of 14C-«-aminoisobutyric acid, a non- 
utilizable amino-acid. If the rate of penetration of 
the utilizable labelled amino-acids is also increased 
by insulin, the result would be a rise in the radio- 
activity of the intracellular amino-acid pool. Then 
an apparent increase in the rate of incorporation 
could occur without an actual change in the rate of 
peptide synthesis. This possibility has now been 
tested. Increased transport does not account for the 
insulin-mediated increase in the incorporation of 
utilizable amino-acids. 

The method adopted was to divorce penetration 
and incorporation by effecting amino-acid accumula- 
tion before adding insulin. The amino-acid labelled 
with carbon-14, instead of boing added in vitro, was 
injected intraperitoneally into the diaphragm donor ; 
10 min. later the rat was killed and the diaphragm 
removed and pre-soaked (at 0—-5° C.) for 20 min. in 
10 ml. of Krebs—Henseleit bicarbonate medium 
without glucose. Presoaking in a large volume of 
fluid allows equilibration of the extracellular glucose 
and amino-acids with that in the medium. One 
hemi-diaphragm was then gently blotted and trans- 
ferred to a beaker containing 1 ml. of medium with- 
out glucose. The second hemi-diaphragm was placed 
in 10 per cent trichloracetic acid; it served as a 
zero-time control. Incubation was for 2 hr. at 37°.C, 
in a Dubnoff shaker. At the conclusion of the experi- 
ment the muscle protein was isolated and its radio- 
activity determined? ; this is a measure of incorpora- 
tion of amino-acid into peptide linkages (that is, 
protein synthesis). 

Four experiments were carried out ; representative 
results are given in Table 1. Insulin added in vitro 
(0-2 unit/ml.) leads to a large increase in the incorp- 
oration of pL-phenylalanine-3-C and pDt-histidine- 
2-4C into muscle protein. This increase occurred 
despite accumulation of amino-acid having been 
effected before insulin was added and despite the 
absence of added glucose in the medium. The stimula- 
tion by insulin was larger than that obtainable when 
the amino-acid was added to the medium?. 
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Table 1. EFFECT OF INSULIN ON INCORPORATION OF AMINO-ACID 
LABELLED WITH CARBON-14 INTO A PROTEIN FRACTION OF DIAPHRAGMS 
FROM NORMAL FED Rats 





No insulin Insulin 
C.p.m./mgm. of protein 


Difference 





C.p.m./mgm. of protein 


Labelled 
amino-acid 





Difference 





Phenyl- 
alanine 





| 
| 
| 











Histidine 11 
12 























Mean | | 





The pti-phenylalanine-3-"C (1°3 mc./mM) and the pt-histidine- 
2-"C (1-0 me./mM) were injected in 0-25 ml. of normal saline (1 x 10’ 
c.p.m.). The control (no insulin) and experimental (insulin) groups 
were run simultaneously. The insulin (0-2 unit/ml.) was added in vitro. 
The results are expre: as ¢.p.M., correc’ for self-absorption, 
per mgm. of protein isolated (usually 15-20 mgm.). Results in the 
zero column represent incorporation prior to the start of incubation 
as determined in one he he My ; the 2-hr. column, results 
after the incubation period. e difference is the net increase in 
amino-acid incorporation during the experiment. N.B. In each experi- 
ment insulin mediates a large increase in amino-acid incorporation. 


Control experiments demonstrated that only a 
small fraction of the labelled amino-acid incorporated 
either in the presence or absence of added insulin 
could have been derived from the extracellular fluid. 
The radioactivity in the Krebs—Henseleit medium 
in which the diaphragms were presoaked was de- 
termined. In one experiment with phenylalanine 
labelled with carbon-14 this was found to be 2,996 
c.p.m./ml. of medium (range 2,610-3,310); in 
an experiment with labelled histidine it was 2,910 
c.p.m./ml. of medium (range 2,638-3,239). The 
radioactivity in the Krebs-Henseleit medium is 
presumed to be in equilibrium with the extracellular 
fluid of the diaphragm, and this represents the maxi- 
mum amount of radioactivity which can be carried 
over into the incubation medium. The wet weight 
of each hemi-diaphragm was approximately 100 mgm. 
(weight of the rats 110-130 gm.), and if we assume 
an extracellular space of 35 per cent of wet weight® 
the extracellular volume is 0-035 ml. We can now 
calculate that the radioactivity present in the extra- 
cellular fluid of the diaphragm is 105 c.p.m. (that is, 
3,000 c.p.m./ml..x 0-035 ml.). The total observed 
increase in protein radioactivity in the phenylalanine 
experiment was 1,562 + 114 (standard error) without 
insulin and 2,494 + 127 with insulin ; in the histidine 
experiment the values were 679 + 47 and 1,336 + 74 
respectively. It is apparent that contamination of the 
extracellular fluid with administered labelled amino- 
acid could not account for the observed results. 

We conclude from those preliminary results that 
insulin can influence protein synthesis at a locus 
distal to amino-acid penetration and independent of 
glucose entry. 

Ira G. Woon 
M. E. Kran 
Department of Physiology, 
University of Chicago. Feb. 17. 


1 Wool, I. G., and Krahl, M. E., Abstract, Amer. Diabetes Assoc., 
San Francisco, June 21-22, 1958. Krahl, M. E., and Wool, I. G., 
Fourth Int. Congr. Biochem., Vienna (Sept. 1-7, 1958). 

* Wool, I. G., and Krahl, M. E., Amer. J. Physiol., 196 (5) (May 1959). 
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bd eT Oe M., and Noall, M. W., Biochim. Biophys. Acta, 28, 226 
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Failure of Ribonucleoprotein to transfer 
Antibody Formation 


Some data’ indicate that templates for_ antibody 
synthesis consist of a ribonucleoprotein. Sterzl and § 
HrubeSova’*, and HrubeSova et al.* have found that 
infant rabbits form antibodies when injected with 
nucleoproteins isolated from the spleen of immunized 
donors. However, they were not able to prove that 
those antibodies originated de novo. 

Chickens are excellent producers of precipitins, 
and spleen forms antibodies at a high rate showing 
an increase in pentose nucleic acid and cells of the 
plasmocytic series‘. On the other hand, Coombs’s 
anti-human globulin test has proved to be extremely 
sensitive in detection of Rh antibodies. The present 
work combines these data in an investigation of the 
capability of ribonucleoprotein from an antibody. 
producing tissue to provoke antibody formation when 
transferred into infant chicks. This preliminary 
communication represents only one part of the results 
obtained. 

Fifty Rhode Island Red pullets and infant chicks 
were used in the experiments. Adult chicks were 
immunized with human y-globulin’, the spleens 
removed three days after the last injection of antigen 
and used as a source of ribonucleoprotein. The 
titres of anti-human globulin antibody in the sera of 
killed birds were 1/1,000-3,000, as determined by 
Coombs’s technique, using O CDe/CDe red cells 
strongly sensitized in an anti-D serum. (The same 
sensitized red cells were used in Coombs’s test 
throughout the experiments.) The preparation of 
ribonucleoprotein was as follows. Spleens were 
removed, decapsulated and quickly frozen. Cyto- 
plasmic homogenate was prepared in 0-14 M/ saline 
(1 gm. tissue to 2 ml. saline), left at 0° C. for a period 
of 3 hr. and then spun in a refrigerated centrifuge at 
3,000 r.p.m. for 20 min. to remove large particles. 
The supernatant was dialysed against redistilled 
water overnight. The proteins were precipitated by 
cold ethanol (—10° C.), centrifuged and redissolved 
in 0-14 M saline. The method of Lowry e¢ al.* was 
used for protein determination, and the concentra- 
tions of ribonucleic acid and deoxyribonucleic acid 
were determined according to Mejbaum’s’ and 
Ceriotti’s* methods respectively. Ultra-violet light 
absorptions were measured in a Beckman DU 
spectrophotometer. 1 ml. of ribonucleoprotein pre- 
paration contained 5-3 mgm. protein, 1-03 mgm. ribo- 
nucleic acid and 0-027 mgm. deoxyribonucleic acid. 

No evidence for the detectable quantity of anti- 
human globulin antibody and human y-globulin in 
the ribonucleoprotein preparation was obtained. The 
following methods were used: (a) the capillary 
precipitin method with varied final salt concentra- 
tions®; (b) a modification of Ouchterlony’s double- 
diffusion agar precipitin technique’; (c) the in- 
hibition effect of ribonucleoprotein on an anti-human 
globulin serum with a low titre of specific antibody ; 
(d) the Coombs’s test performed with different dilu- 
tions of ribonucleoprotein complex ; (e) examination 
for anti-human globulin antibody in the sera of six- 
month-old chicks which had received subcutaneously 
several injections of ribonucleoprotein. 

One group of birds received intraperitoneally 2 ml. 
of ribonucleoprotein on the fifth day, and the second 
group on the twelfth day of post-embryonic life. The 
animals were bled on the first, third, sixth and tenth 
day later, and Coombs’s tube technique was performed 
for detection of anti-human globulin antibody in chiek 





» of ribonuclease. 
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gra. Each serum was used in different dilutions 
against a series of differently sensitized red cells. The 
following controls were set up : (a) Coombs’s test with 
infant chick sera obtained prior to injection of 
ribonucleoprotein; (b) Coombs’s test and capillary 
precipitin reaction performed with sera of infant 
chicks which had been treated with human y-globulin 
(10-day-old chicks received four injections of 
16 mgm. globulin during a period of 12 days) ; 
(c) Coombs’s test with sera from adult chicks which 
had been intravenously injected with ribonucleo- 
protein (the heteroagglutinins for human red cells 
were removed by absorption). 

All results obtained with the sera from treated 
infant and adult chicks were negative, showing no 
presence of circulating anti-human globulin antibody. 
The temporary unresponsiveness of chick infants. to 
human y-globulin (control b) is probably due to the 
immunological and protein-synthesizing immaturity 
of those cells which would later be responsible for 
production of antibodies. It seems, however, that 
the failure of ribonucleoprotein to induce the forma- 
tion of antibodies in infant (test groups) and adult 
| (control c) recipients also concerns the catabolic rate 
of ribonucleic acid when injected into animals of the 
same species. This facet of the problem was partly 
investigated by the method of Rabinovitch and Dohi" 
for the detection of serum ribonuclease, and the 
presence of this enzyme in the sera of treated infant 
; and adult birds was established. This represents, of 
course, only indirect evidence for the interference 
But, since the integrity of ribo- 
nucleic acid is essential for protein synthesis}*, this 
| possibility should be taken into account. Mention 
should also be made of the fact that the present work 
| deals with cytoplasmic ribonucleic acid, and that 
different results may probably be obtained with 
; nuclear ribonucleic acid owing to its higher specific 
} activity’®. Finally, whatever the correct inter- 
pretation might be, more observations are obviously 
| needed about the fate of the isolated ribonucleo- 
| protein and ribonucleic acid when injected into 
| animals, and about the ability of molecules of ribo- 
nucleoprotein and ribonucleic acids to be incorporated 
by protein-synthesizing mechanisms of the recipient. 
It might be added that, in this respect, one is faced 
| with essentially different situations when working with 
intact antibody-producing cells. 

B. D. Janxovié 
K. Isaxovié 
J. Horvat 
Microbiological Institute, 
| Belgrade University School of Pharmacy, 
Belgrade. Feb. 26. 


*Schweet, R. S., and Owen, R. D., J. Cell Comp. Physiol., Supp. 1, 
50, 199 (1957). 
*Sterzl, J., and HrubeSova, M., Folia Biol., 2, 21 (1956). 
> tty M., Askonas, B. A., and Humphrey, J. H., Nature, 188, 
9 959). 
. — T., Ruth, R. F., and Wolfe, H. R., J. Immunol., 72, 45 
% 


‘Jankovic, B. D., Simonovi¢, B., and Lincoln, T. L., Vor Sang., 
8, 304 (1958), . 
‘Lowry, 0. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., 
: J. Biol. Chem., 198, 265 (1951). 
‘Mejbaum, S., Hoppe-Seylers Z., 258, 117 (1939). 
, Ceriotti, G., J. Biol. Chem., 198, 297 (1952). 
a M., Wolfe, H. R., and Norton, S., J. Immunol., 66, 225 
; Ouchterlony, 0., Acta Path. Microbiol. Scand., 32, 231 (1953). 
~~ M., and Dohi, S. R., Arch. Biochem. Biophys., 70, 239 
4}. 


"Brachet, J., “Bioch ‘ i 
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"Smellie, R. M. $., McIndoe 
Biophys. Acta, 11, 559 (1953). 
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Neurosecretion and Intestinal Proteinase 
Activity in an Insect, Calliphora 
erythrocephala Meig. 


SoME years ago it was suggested that the medial 
neurosecretory cells of the brain of Calliphora 
erythrocephala in some way influence protein meta- 
bolism, and especially the synthesis of protein. This 
hypothesis was based on the fact that in females 
deprived of these cells, the ovaries, accessory glands, 
corpora allata and cenocytes, organs which normally 
increase considerably in size during the early period 
of adult life, developed to a limited extent only 
although the flies were given an adequate diet of 
meat, sugar and water!*. Furthermore, in flies fed 
on sugar and water only, but no meat, the organs 
mentioned were very nearly the same size as in 
females deprived of their medial neurosecretory cells. 
Therefore it seemed likely that in the absence of the 
hormone from the medial neurosecretory cells for 
some unknown reason the fly was unable to utilize 
the ingested meat. Observations proved that the 
flies did in fact eat some of the meat offered to 
them. 

Transport of neurosecretory material in the two 
nervi cesophagei, which pass from the corpus cardia- 
cum + ganglion hypocerebrale to the intestine, was 
described earlier**. This neurosecretory material is 
probably produced by the medial neurosecretory 
cells. Cutting the nerves caused a definite retarda- 
tion of the growth of the ovaries'. These observations 
suggest an influence of the medial neurosecretory 
cells on digestion. This possibility was tested in 
experiments reported here. 

For the determination of the proteinase activity of 
the gut we used the colorimetric method of Day and 
Powning®, originally described by Charney and 
Tomarelli®, but the homogenates were kept for four 
hours in the incubator instead of one. According to 
this method the intestines were ground in small tubes 
with clean sand which had been moistened with 
a glycerin—phosphate buffer mixture’. After homo- 
genization, which was performed at room temperature, 
the volume of fluid in each tube was made up to 1 ml. 
with buffer solution. The tubes were kept over- 
night in the refrigerator. The flies used were females 
deprived of their medial neurosecretory cells when 
5-8 hr. old (25° C.), operated controls!, and normal, 
that is, unoperated controls. After the operation the 
flies were kept for 5 days at 25° C. and fed on meat, 
sugar and water. Some determinations were made on 
females fed only on sugar and water for 5 days, called 
sugar-flies. 

Wigglesworth® found the proteinase activity of the 
midgut of Calliphora to be very weak as compared 
with that of Glossina. Apart from the sugar-flies our 
flies were given fresh meat for 2 hr. before the 
intestines were removed, and they were not starved 
before they had this last meal. Only the abdominal 
portion of the midgut was used for the determinations, 
and it was recorded whether or not the flies had 
eaten some of the fresh meat. The midguts were 
dissected 24-6} hr. after the beginning of the last 
meal. Probably we would have obtained higher values 
if the determinations had been undertaken some hours 
later®. As the determinations were made on homo- 
genates of the midguts, the enzymatic activity of both 
the intestinal content and the intestinal cells was 
measured. The values are calculated per midgut, 
and not by weight of midgut, because in starved, 
normal flies with an empty gut the values were 
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Table 1. PROTEINASE ACTIVITY PER MIDGUT OF FEMALES DEPRIVED OF THEIR MEDIAL NEUROSECRETORY CELLS, OPERATED CONTROLS, NoRMA, 
(UNOPERATED) CONTROLS AND SUGAR-FLIES. FIvEk Days OLD aT 25°C. A MATURE EaG IS ABOUT 1°45 mu. LONG 30 | 
Deprived of - - neurosecretory | Operated controls Normal controls Sugar-flies 
ce. 
2%r 
Proteinase | Length of biggest | Proteinase Proteinase Proteinase | Length of biggest | : 
(optical egg-chamber (optical State of (optical State of (optical egg-chamber | , 
density x 10*) (mm.) density x 10*) ovaries density x 10*) ovaries density x 10*) ( 3 
0-4 3-3 almost mature 15 mature 0 ad | 
0-4 5-0 laid eggs | 2-2 mature 0-1 g 
05 6-0 almost mature 5-0 ? mature 0-1 £ 
0-7 7°4 mature 5-1 almost mature 0-1 g 
0-9 8-5 mature 5-5 + mature 0-1 a15+ 
1-4 9°5 + mature 5:7 almost mature 0-4 4 
1-4 6°8 4/5 mature 0-6 5 
1-6 8-0 laid eggs 0-6 8 
3-7 9-6 ? mature 1-1 S 10 } 
1°9 14-8 | + mature 1-9 a 
He 15-0 | $ mature 19 
5+ 
found to be of the same order as in flies lacking medial adult (see above). This fact seems to agree with our 
neurosecretory cells. interpretation of the function of the neurohormone. 
Formerly it was found that in females deprived of Welsh and Travis’? have substantiated the view that 
their medial neurosecretory cells the length of the another neurohormone, namely, the neurohumor 
biggest egg-chamber never exceeded 0-17 mm., and acetylcholine in Planaria, is involved in growth and Fig 
therefore the size of the longest egg-chamber was tissue maintenance. defic 
used as a control on the removal of the cells. The As yet we do not know whether the effect of the chlor 
stage of development of the ovaries of the operated neurohormone on the production of intestinal 
and normal controls and of the sugar-flies was also proteinase is a direct or an indirect one. The inves- oul 
noted. tigation is being continued, and a more detailed com 
The proteinase activity in the four categories of account of the experiments will be published we 
flies is given in Table 1. Apart from two normal elsewhere. ore 
controls with fully mature ovaries, the midguts of It is a pleasure to thank Prof. H. Holter for oil 
the operated controls and those of the normal controls valuable discussions. We also wish to thank the Fi 
had a much higher proteinase activity than the Carlsberg Foundation, which has supported this work ‘c 
midguts of the flies deprived of medial neurosecretory with a grant. ptm 
cells. As the midguts of most of the flies contained iin Seounen requi 
meat, the figures do not merely give the values of the In Mottze “gO 
proteinase activity of the intestine itself but also sulpt 
the activity of the intracellular proteinases of the Zoological Laboratory and Physiological Fi 
meat, but whatever its size it should be the same in Laboratory of the Royal Veterinary and an 
all sets of animals. Agricultural College, total 
In Aedes aegypti Shambough found &@ pronounced Copenhagen. supe 
correlation between the amount of ingested blood Feb. 4. hydr 
and the proteinase activity. So far it has not been prec’ 
determined whether blow-flies deprived of medial oe E., J. Exp. Biol., 29, 187 (1952). rue oop 
neurosecretory cells eat less meat than the controls. * Sixtgeaifth” Bithiae’ (ond rete Fupersin Hovoure actin 
But even if there is a similar correlation in the normal + Thomsen, E., Staz. Zool. Napoli, 24, Supp., 48 (1954). It 
Calliphora as in Aedes, this does not seem to apply to =‘ Thomsen, E., J. Exp. Biol., 31, 322 (1954). ois 
flies deprived of mediel neurosecretory cells, because _‘ Day, M. F., and Powning, R. F., Aust. J. Sci. Res., B, 2, 175 (1949). aul 
these flies, in spite of having ingested meat, do not —_‘ Charney, J., and Tomarelli, R. M., J. Biol. Chem., 171, ae ped dif 
show a higher proteinase activity than the sugar-  “pi°"y*t7pgg)ns» K-. and Duspiva, F., C.R. Lab. Carlsen ais 
flies. The speed at which the food travels + wiggiesworth, V. B., Parasitology, 21, 3 (1929). sour 
through the intestine might also be a significant °* Champlain, R. A., and Fisk, F. W., Ohio J. Sci., 56, 52 (1956). piste 
factor. ° Shambough, G. F., Ohio J. Sci., 54, 151 (1954). whic 
. . iz " Koller, G., Verh. dtsch. Zool. Ges. (Tiibingen, 1954). 
aan aCe Sy Seeaetves proteins, Che peedne- a’ ss Tas Hormones, oft, by Pima and Thinen, 040 1 yne 
tion of proteinase by the intestinal cells can be (New York, 1955). On 
regarded as the protein synthesis of these cells, and nit 
so the result of this investigation seems to support tod 
the view that the hormone from the medial neuro- Utilization of Inorganic Sulphate by and 
secretory cells has an influence on the protein meta- Baker’s Yeast cont 
bolism, and especially on the synthesis of protein. ; 
If Calliphora without medial neurosecretory cells is It has been established by a number of authors Tabi 
able neither to break down nor build up protein, it is that sulphate is the usual source of sulphur for many 
easy to understand why the removal of the cells micro-organisms, and also for yeasts’. How- wees 
produced a result in a 100 per cent of the flies. ever, much remains to be elucidated about the ec 
It also explains the small variation in the size of the details of sulphate uptake by the cell and its 
growing organs'. metabolism. ae 
As pointed out earlier! the flies deprived of medial We have examined the conditions of transport of N 
neurosecretory cells are able to utilize the specific sulphate into Saccharomyces cerevisiae and the effect r 
protein of the larval fat-body, part of which is carried of several other sulphur-containing compounds M 
over into the adult stage where it is used for the small thereon. Throughout the work, washed baker's yeast Lan 
‘ 


was used, which was shaken for 5 hr. in an inorganic 


initial growth of the organs which do grow in the 
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exogenous source of nitrogen. 
Moreover, the lack of sulphur 
in the latter yeast brings about 
a more rapid uptake of radio- 
active sulphate. The steeper 
slope of curves O and D in 
both graphs is caused also by 
an actual increase in yeast dry 
solid (mainly polysaccharides 
under our experimental con- 
ditions). Essentially the same 
results were obtained by estima- 
tion of the decrease of sulphate 
content in the medium by chem- 
ical methods. 

It was shown afterwards that 
at 0° no uptake of sulphate by 
the cells occurs. On varying the 
concentration of sulphate in the 
medium between 0:4 mM and 


“i 30 








30 60 30 
Time (min.) 


Fig. 1. 
deficient (right) yeast. Incubation in air at 22°. 


plete medium 


sali medium enriched with yeast extract ; from the 
complete medium either ammonium chloride or 
potassium sulphate was omitted and thus nitrogen- 
deficient and sulphur-deficient yeast were obtained, 
respectively. Incubation of the washed yeast was 
then carried out aerobically at 22° in the same inor- 
ganic medium but without yeast extract and with 
ammonium chloride or glucose or both omitted as 
required. An osmotically insignificant amount of 
*§0?- was added to trace the incorporation of 
sulphur into various yeast components. Samples of 
the suspension were centrifuged at 0°, washed with 
ice-cold water and aliquots used for determining the 
total radioactivity of cells and the radioactivity of the 
supernatant after hydrolysis of the cells in 5 N 
hydrochloric acid, removal of inorganic sulphate by 
precipitation with barium chloride and chromato- 
graphy in butanol-acetic acid. No loss of radio- 
activity occurred during the washing procedure at 0°. 

It follows from Fig. 1 that both glucose and 
ammonia are required for the maximum uptake of 
sulphate from the medium; thus both simple 
diffusion and active transport of sulphate into the 
cells appears unlikely. In nitrogen-deficient yeast a 
source of nitrogen in the medium is of decisive impor- 
tance for the incorporation of sulphur-35 to occur, 
which is in agreement with the finding* that such 
yeast has its metabolic pool of nitrogen exhausted. 
On the other hand, in sulphur-deficient cells the 
nitrogen content is probably increased (inter alia due 
todepletion of glutathion sulphur, ef. ref. 3 for EZ. coli) 
and thus on adding sulphate to the medium sulphur- 
containing compounds may be formed without any 


Table 1. EPFEOT OF SULPHUR-CONTAINING COMPOUNDS* oN IN- 


CORPORATION OF **SO27- 





Compound added Inhibition (per cent) 





N-deficient yeast 8-deficient yeast 
| Nao, 

raSOs 58 
Na,8,0, 44 
Thioglycollie acid 15 
ysteine 37 
ethionine 16 


ee 
*In each case 750 ygm. sulphur/10 ml. of medium was added 

















Time (min.) 
(a) (6) 


Incorporation of radioactive sulphate in a nitrogen-deficient (left) and a sulphur- 
A, Medium without glucose and ammonium 
chloride; B, medium without glucose; C, medium without ammonium chloride; D, com- 


60 2-0 mM no change in the rate of 
sulphate uptake can be observed 
for the first hour of aerobic 
incubation of nitrogen-deficient 
yeast. These results also make 
simple diffusion of sulphate into 
the cell very unlikely. 

The effect of sulphur-containing compounds on 
incorporation of radioactive sulphate during aerobic 
incubation in a complete medium at 22° is shown 
in Table 1. 

The Lineweaver—Burk plot of a kinetic measure- 
ment of sulphite and thiosulphate inhibition with 
sulphur-deficient yeast indicates that thiosulphate 
acts as @ competitive inhibitor of sulphate uptake ; 
sulphite, however, behaves somewhat anomalously 
at concentrations greater than 1 mM (cf. ref. 4). The 
generally higher inhibition in nitrogen-deficient yeast 
points to a more pronounced metabolic character of 
sulphur incorporation in such yeast; the details, 
however, are being studied at present. 

The distribution of activity in amino-acids is rather 
complex, the general observation being only that 
methionine becomes active later in the course of 
incubation than cysteine. It appears from the results 
that most of the sulphate is not taken up as such by 
the yeast but rather in connexion with some nitro- 
genous carrier (for example, 3’-phospho-adenos- 
ine-5’-phosphosulphate*) and then metabolized 
further. 

A detailed study of the effect of anaerobiosis and of 
inhibitors at various concentrations, particularly on 
individuai amino-acids, is being concluded and will 
be published elsewhere. 

A. KiLEINZELLER 
A. Kotyk 


Laboratory for Cellular Metabolism, 
Biological Institute, 
Czechoslovak Academy of Sciences, 
Prague. 
L. KovAé 


Biochemical Department, 
Komensky University, 
Bratislava. 


1 Schulz, A. S., and McManus, D. K., Arch. Biochem., 25, 401 (1950). 

* Rautanen, N., Ann. Report Res. of the Plant Res. Inst. Univ. 
Pretoria (1955-56). 

° Cowisbay, B., Roberts, R. B., and Bolton, E. T., Science, 119, 579 

‘ Hilz, H., and Kittler, M., Biochim. Biophys. Acta, 30, 650 (1958). 

5 Robbins, P. W., and Lipmann, F., J. Biol. Chem., 229, 857 (1957). 
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An Effect of Yeast Extract on the 
Growth of Chlorella 


Chlorella vulgaris (Pearsall’s strain) grows well on 
glucose in darkness!. Recently, in this laboratory, 
we tried to grow this alga on glucose in darkness in 
an atmosphere free from carbon dioxide. The attempt 
was unsuccessful ; presumably carbon dioxide fixa- 
tion is essential in at least one of the reactions 
necessary for growth. Since it has been reported 
that the requirement for carbon dioxide by Neisseria 
gonorrhoeae can be replaced by a supplement of 
yeast extract*, the effect of adding yeast extract to 
the Chlorella cultures was investigated. 

Pure cultures of Chlorella were grown in 50-ml. 
Erlenmeyer flasks in a mineral salts medium® con- 
taining 0-5 per cent glucose and ‘Difco Bacto’ yeast 
extract in the required concentration. The flasks 
contained a centre well, in which sodium hydroxide 
and filter paper were placed to remove carbon dioxide, 
and were closed by vaccine stoppers. The cultures 
were shaken at 25°C. in darkness. Growth was 
estimated by counting the cells four days after 
inoculation ; it was expressed as a percentage of the 
growth in the cultures with glucose, no yeast extract 
and an atmosphere of air. 

It was found that the addition of yeast extract 
did, in fact, allow some growth in a carbon dioxide- 
free atmosphere (Fig. 1); but the: more striking 
effect of yeast extract was the inhibition of growth 
in an atmosphere of air. The growth of Chlorella 
on glucose in darkness, in air, was reduced by one- 
half by yeast extract in a final concentration of only 
0-01 per cent. The inhibition was just as pronounced 
when the yeast extract was sterilized by Seitz filter 
and added to the autoclaved medium. The con- 
stituent of the yeast extract which inhibits growth 
is unknown. Organic acids inhibit the growth of 
Chlorella by combining with iron‘. The possibility 
that a constituent of yeast extract acted in this way 
was tested by adding additional iron to the medium, 
but it had no effect on the inhibition. 

It is of interest that a related, but colourless, alga, 
Prototheca zopfii, requires thiamine for growth® and, 
in fact, grows well in the Chlorella mineral medium 
with the addition of 1 per cent glucose and 1 per cent 
yeast extract. Removal of carbon dioxide from the 
atmosphere has little effect on the growth of Proto- 


| 


Growth (percentage of control) 


i a 


eK: 


0 0-1 0:2 
Concentration of yeast extract (per cent) 


Fig. 1. The effect of yeast extract on the growth of Chlorella 

chiarie. All cultures contained 0-5 per cent glucose and were 

shaken in darkness. The carbon dioxide-free cultures contained 

sodium hydroxide in centre wells of the flasks. Growth is ex- 

pressed as a percentage of that in the flask with glucose, no yeast 
extract and an atmosphere of air 
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GROWTH OF Chlorella AND WITH AND WITHOUT? 
HERE 


Table 1. Prototheca 
CARBON DIOXIDE IN THE ATMOSP 


| 


l 





_ 
) 


Cells/e.mm. | 





| ! — 
Chlorella vulgaris Prototheca zopfii | 
(Pearsall’s strain (Beijerinck’s strain) 
+ €0, — CO; + COs — 00, 
12,320 2,960 a Sag _ 
| (100%) (24%) 
| 1 per cent 4,176 | 3,480 12,400 12,501 
| yeast extract (34%) (28%) (100%) (101%) 
| 10-* Thiamine 20,760 3,135 10,310 11, | 
| ) (83%) (93%) 


| (168%) (25% 
863 (7%) 79 (0°6%) 





| 
| 


No addition 





Inoculum 





| 

Zach flask contained 10 ml. of Chlorella mineral medium with 
1 per cent glucose added and the other additions indicated. After 
inoculation the flasks were shaken in the dark at 25° C. in a Warburg 
tank. The carbon dioxide-free cultures contained sodium hydroxide 
in centre wells. 
theca in this medium or when 10-' M thiamine is 
substituted for the yeast extract (Table 1). This 
suggests either that Prototheca has a much lower 
carbon dioxide requirement for growth than Chlorella, 
or that thiamine can replace this requirement. How. 
ever, the addition of 10-' M thiamine to Chlorella 
cultures did not allow growth in a carbon dioxide-free 
atmosphere. 

I wish to acknowledge the receipt of a maintenance 
grant from the Agricultural Research Council. 

P. J. CassELTON 
Department of Botany, 
University College, 
Gower Street, 
London, W.C.1. 
March 3. 

1 Pearsall, W. H., and Loose, L., Proc. Roy. Soc., B, 121, 451 (1937). 
* Griffin, P. J., and Racker, E., J. Bact., 71, 717 (1956). 
3 Syrett, P. J., Ann. Bot., N.S., 25, 473 (1951). 
* Hopkins, E. F., Bot. Gaz., 89, 209 (19380). 
*’ Anderson, E. H., J. Gen. Physiol., 28, 287 (1945). 


Isolation of /-Quinic Acid in Citrus 
Fruit 


THE organic acids in citrus juices are chiefly citric 
and malic, although tartaric and oxalic acids also 
have been reported in grapefruit!. In our laboratory, 
succinic acid was found in frozen mature oranges. 
Wolf? isolated citric, malic and an unidentified acid 
from citrus fruit. Sinclair and Eny* reported that 
in the peel malic acid predominates while citric and 
oxalic acids occur in smaller amounts. 

In a study of organic acids in citrus fruit using the 
gradient elution technique on a ‘Dowex-l’ column, 
an unknown acid with an Ryalic of 0-56 was detected 
in both the peel and juice. This acid alone or with 
authentic quinic acid was eluted from the column in 
the same fractions as quinic acid, and gave a positive 
test with the Cartwright and Roberts‘ reagent. The 
presence of l-quinic acid has been reported in apples’ 
and peaches’. 

The quinic acid was first isolated from 1,600 gm. 
of immature Valencia orange peel using an ion- 
exchange resin, ‘Dowex-1 x 8’, of 200-400 mesh 
packed in a 2-3em. x 25cm. column. The macerated 
peel was extracted three times with 60 per cent 
ethanol which was then evaporated under reduced 
pressure. The remaining aqueous solution was treated 
with charcoal, filtered, and first passed through 4 
column of ‘Dowex-50’ ion-exchange resin and then 
through a column of ‘Dowex-1’ in the acetate form. 
This column was washed with distilled water, and 
the acid was eluted according to the gradient elution 
method of Hulme and Wooltorton’? with a slight 
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modification. The change consisted of using a 500-ml. 
mixing flask filled with water and gradually adding 
9N acetic acid during the elution. Fractions of 20 ml. 
were collected at 40 ml./hr. with a mechanical 
fraction collector. Each fraction was chromato- 
gaphed on Whatman No. 1 paper with butanol— 
acetic acid—water (4: 1:5). Quinic acid was detected 
with the Cartwright—Roberts* spray reagent in 
factions 12 to 22, which were combined and 
evaporated to near dryness under reduced pressure. 
The residue was dissolved in 100 ml. of ethanol and 
precipitated by adding 4 vol. of ethyl ether. The 
erude quinic acid (2-5 gm.) recrystallized twice from 
ethanol produced 1-5 gm. of pure material. Apart 
from its chromatographic properties similar to quinic 
acid, the isolated compound had a melting point of 
162°C. (ref. 8, 162°C.), which was not depressed 
when mixed with authentic quinic acid: [«]*? = 
-43° (ref. 8, [a]®3? = — 44°); neutralizing 
equivalent, 195. Infra-red absorption was also 
similar to that of an authentic sample of quinic acid. 
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Table 1. QurINIc AcID IN MATURE CITRUS FRUIT 











| Variety and type of citrus fruit | Peel Flesh | 

| | (mgm./100 gm. fresh weight) | 

} | 

| Pineapple orange 172 52 

| Marsh grapefruit 233 87 

| Dancy tangerine 206 27 
Corregia lemon 161 18 
Persian lime 209 146 


| 
| 
J 





Amounts of quinic acid present in the peel and 
flesh of mature fruit of several citrus varieties are 
given in Table 1. The quinic acid was determined 
by titration after elution from the column and com- 
plete removal of the acetic acid’. Results for the 
proportions of quinic acid relative to the other 
organic acids in citrus fruits will be published in 
due course. 

This work was carried out in co-operation with 
the Florida Citrus Commission, Lakeland, Florida. 

8S. V. Tine 
E. J. Deszycx 
Citrus Experiment Station 
(University of Florida), 
Lake Alfred, Florida. 
Jan. 20. 

*Menchikovsky, F., and Popper, 8., Hadar, 5, 181 (1932). 
* Wolf, Johannes, Fruchtsuft-Ind., 8, 98 (1958); Chem. Abstracts, 52, 

207504 (1958). 
‘Sinclair, W. B., and Eny, D. M., Bot. Gaz., 108, 398 (1947). 
ae R. A., and Roberts, E, A. H., Chem. and Indust., 230 
‘Hulme, A. C., J. Exp. Bot., 2, 298 (1951). 
‘Anet, E. F. L. J., and Reynolds, T. M., Nature, 172, 1188 (1953). 


—, A. C., and Wooltorton, L. 8. C., J. Sci. Food Agric., 9, 150 
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5: Pigman, W. W.,and Goepp, R. M., “Chemistry of the Carbohydrates”’, 
270 (Academic Press, Inc., New York, 1948). 


BIOLOGY 


Old and New Solutions to the Eel 
Problem 


TE ingenious hypothesis proposed by Dr. D. W. 
Tucker' to explain the complex problems of the 
biology of the European eel presents in my opinion 
some heavy difficulties. I believe it therefore neces- 
sary to offer some observations with the intention 
of clarifying the question. 

(1) When the European eel descends to the sea 
48 @ silver eel it does not show “a profound de- 
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generation of the gut’. The occlusion of the vent 
observed by Schnakenbeck*® is, according to my 
experience, an entirely exceptional occurrence. All 
the silver eels I have examined had a gut of normal 
structure, although small in volume’. Silver eels kept 
in aquaria are indeed able to take up food again, 
although they are not so voracious as the yellow eels. 

Survival and re-feeding of silver eels is not followed 
by regression of the gonads. Regressive pictures are 
frequently observed in the eels’ gonads, even in the 
yellow eels; but this is a cytological phenomenon 
that does not affect the whole gonad as an organ‘. 

The whole organization of the descending eel does 
not present any indication of nearing death. Changes 
in colour and structure of the teguments, eye enlarge- 
ment, transformation of retinal pigments‘, functional 
activation of the endocrine system are all conditions 
suggesting that when silver eels are going to live in 
deep marine waters they are still endowed with an 
intense vitality. 

(2) On the basis of Schmidt’s® results, it seems 
that European and American eels spawn in two 
slightly displaced areas ; but we cannot exclude the 
possibility that these areas are coincident. In any 
event there is no evidence sufficient to support the 
idea that a temperature difference of a few degrees 
would be enough to induce two sets of genetically 
homogeneous larve to acquire such different numbers 
of myomeres as 103-111 (average 107-2) for Anguilla 
rostrata and 110-119 (average 114-7) for A. anguilla. 
Even in the youngest larve or prelarve, there are 
clearly discrete myomere numbers’, and to admit 
such a strong environmental influence would require 
the assumption that the eggs, from the beginning of 
their development, are separated into two completely 
isolated groups, one of which is carried in warmer, 
the other in: cooler waters, without intermediate 
conditions. Hydrographic hypotheses do not seem 
to be sufficiently well founded to explain such a 
clear-cut separation of two variability curves of the 
myomere numbers as observed by Schmidt? between 
the larve of the American and the European eel. 

The differentiation in the myomere numbers occurs 
in any event too early to be related to the influence 
of the Atlantic currents with their different tempera- 
tures. In the spawning area there are no sharp 
limits between cold and warm superficial waters, but 
a gradual variation from south to north of only 
4 deg. C. 

It is true that there are still a number of difficulties 
in explaining the life-history of the eel. It is particu- 
larly difficult to prove that all the Mediterranean 
eels are compelled to go out to the Atlantic. However, 
the fact that we are not able to capture them in the 
Strait of Gibraltar is not decisive evidence against 
such a migration. 

The biology of the eel is certainly one of the most 
puzzling problems in marine biology, but the inter- 
pretation proposed by Dr. Tucker requires so many 
new hypotheses that it is too difficult to accept it on 
the basis of present knowledge. 


UMBERTO D’ANCONA 


Zoological Department, 
University, Padua. 


1 Tucker, D. W., Nature, 183, 495 (1959). 

* Schnakenbeck, W., Zool. Anz., 108, 85 (1934). 

*D’Ancona, U., Riv. Biol., 48, 171 (1951). 

*D’Ancona, U., Arch. Ocean. Limnol., 3, 159 (1943). 

* Carlisle, D. B., and Denton, E. J., J. Mar. Biol. Assoc. , 38, 97 (1959). 
* Schmidt, J., “Danish Kel Investigations” (Copenhagen, 1932). 

7 Schmidt, J., Phil. Trans. Roy. Soc., B, 211, 179 (1922). 
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Pror. D’Ancona’s objections are mainly due to 
misunderstanding and are met by my original paper’, 
where not directly by a necessarily condensed text, 
implicitly through the literature cited. 

(1) His divergent assessment of the silver eel 
depends upon his experience being confined to eels 
in the early stages of transformation. Schnakenbeck? 
and Berndt* have described autolysis and phago- 
cytosis of the gut tissue by tissue, while Bertin‘ con- 
cludes his readily available (and illustrated) summary 
of their work by remarking: “Such, broadly, is the 
state of dilapidation to which the digestive tubes of 
the silver eel are reduced’’. 

The occlusion of the vent reported by Schnaken- 
beck? in a North Sea specimen was not represented 
as other than a unique observation. But the condition 
of this eel, with its normal genital papilla, has been 
accepted as a typical and non-pathological continua- 
tion of a process the later stages of which are generally 
concealed from our study and is to be taken as 
representing the state attained in European con- 
tinental waters by eels which survive thus far. 

My remarks concerning regression of the gonad 
were intended to refer to cytological, physiological 
and metabolic phenomena rather than to gross 
morphology. 

The whole point of my comparative discussion of 
the American and European migratory eels was that 
the advanced modifications of the European eel 
appear to be ill-adapted to the time-table of a 
presumed return journey. We may indeed know 
that a motorist is in the best of health but, as we 
watch him driving down a mountain road, intoxicated 
and without brakes, we can still legitimately say 
that his celebration was premature and that he is 


unlikely to reach his destination. 
(2) Here I must ask Prof. D’Ancona to re-read my 


original paper. I did, in fact, suggest that the tem- 
perature conditions over the spawning-area of the 
eels admitted of the possibility of environmental 
determination of the somite-numbers ; the suggestion 
stands as a hypothesis, not as an alleged fact or 
dogma, and its further treatment appears to be a 
matter for observation and experiment rather than 
for mere expressions of opinion. Prof. D’Ancona’s 
remark about the “gradual variation . . . of only 
4 deg. C.” confirms my belief that he has not 
appreciated the four-dimensional nature of my 
argument. 

I cannot agree that my interpretation requires the 
admission of many new hypotheses. It requires, 
admittedly, that a great deal of evidence which we 
have been accustomed to viewing in one familiar 
pattern must now be re-arranged into a drastically 
new one. But, as I showed in a comparison of 
Schmidt’s ideas and my own, I make only one 
unfounded assumption : that the eel somite-numbers 
may be affected by temperature in the same way as 
those of numerous other fishes. The basic idea, once 
grasped, is so simple that anticipation was a constant 
fear while the paper was in preparation. Whether 
it is ingenious, or merely ingenuous, must, in the 
absence of any more convincing citation of available 
evidence, be a matter now for research rather than 
for philosophical speculation. 

Two further points may be mentioned which have 
recently come to hand. First, Carlisle and Denton‘ 
Lave shown that in the metamorphosis of the visual 
pigments, as in several other characters already 
discussed’, the European silver eel is more advanced 
than the American eel. Secondly, Dr. Winifred E. 
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Frost has kindly brought to my attention a paper 
on the age and length of the American eel. 
Denys W. Tucks 

British Museum (Natural History), 

London, 8.W.7. 
+Tucker, D. W., Nature, 188, 495 (1959). 
* Schnakenbeck, W., Zool. Anz., 108, 85 (1934). 
3 Berndt, O., “Zool. Jahrb, Jena”, 64, 437 (1938). 
* Bertin, L., “Eels: a Biological Study” (London, 1956). 
* Carlisle, D. B., and Denton, E. J., J. Mar. Biol. Assoc. , 88, 97 (1959), 
6 a tages’ and Saunders, J. W., J. Fish. Res. Bd. Canada, 12, 


Number of Fibres in the Optic Nerve 
and the Number of Ganglion Cells in 
the Retina of Anurans 


Usine a light microscope, Bruesh and Arey! found 
that there were about 15,300 myelinated and 13,700 
unmyelinated fibres in the optic nerve of the frog 
(Rana pipiens), and about 10,200 myelinated and 
5,500 unmyelinated fibres in the optic nerve of the 
toad (Bufo americanus). However, in my electron 
microscope study of the optic nerve of these and 
other Anurans (Rana catesbeiana, Bufo terrestris and 
Hyla cinerea} I have found? that the unmedullated 
axons are in a considerably larger number, having 
been underestimated by a factor of 30 or more, and 
that most of them could not have been resolved with 
the light microscope. My observations, though, do 
not greatly contradict the earlier numbers of mye- 
linated fibres, for these can be counted with reasonable 
accuracy after myelin stain. In the present com- 
munication I only wish to report about the general 
arrangement of the unmyelinated axons and their 
number. The full description of the fine anatomy of 
the optic nerve is deferred to an extensive article 
now in preparation. 

Optic nerves were fixed in buffered (pH 7:4) 
osmium tetroxide and embedded in methacrylate. 
In all species studied, the unmyelinated axons are 
0-15—0-6y in diameter, and under the electron micro- 
scope appear in bundles of many closely packed 
axons, surrounded by glial cell expansions and 
myelinated fibres (Fig. 1). No glial cell intrudes 
between the unmyelinated axons of a bundle, and 
they remain separated from each other only by 8 
gap of extracellular space 100-200 A. wide ; a similar 
gap separates the unmyelinated axons from the 
surrounding glia or adjacent myelinated fibres. This 
space is continuous with that between the glial mem- 
branes which form mesaxons. Due to such close 
packing, the unmyelinated fibres cannot be adequately 
resolved with the light microscope, for while most of 
the unmedullated axons are within the limits of 
resolution of this instrument, the distances which 
separate them are very much less. 

Both under light and electron microscopy, mye- 
linated and unmyelinated fibres appear (in the gross) 
uniformly distributed across the nerve, with no sign 
of regional differences in density of one or the other. 
In these circumstances the number of unmyelinated 
axons can be calculated by multiplying the ratio of 
unmyelinated to myelinated fibres by the number of 
medullated axons counted in myelin-stained material. 
Random sampling in a cross-section of a nerve gave & 
ratio of 31/1 (S.£. = 3) unmyelinated to myelinated 
axons in the frog (Rana pipiens). The different field 
samples varied between ratios of 21/1 and 57/1; 4 
total of about 4,000 fibres were thus counted in 
fifteen fields. A similar procedure gave a ratio of 





No. 4672 May 16, 1959 


Fig. 1. Electron micrograph of a transverse section of the optic 

nerve (Rana catesbeiana). Fixation with buffered (pH 7:°4) 

osmium tetroxide and methacrylate embedding. Notice the 

closed circular profiles which correspond to transverse sections 

of unmyelinated axons (U). Notice their relations with 

neighbouring glial cells (@) and myelinated fibres (M). GN, glial 
nucleus; ME, mesaxon. Scale lu 


about 30/1 (S.H. = 3) unmyelinated to myelinated 
fibres in the toad (Bufo americanus), with ratios 
which varied from 15/1 to 53/1 in the different 
fields. About three thousand axons were counted in 
twelve fields. Using Bruesh and Arey’s counts of 
medullated fibres, there would appear to be about 
470,000 unmyelinated axons in the frog, and about 
320,000 in the toad. 

By means of degeneration experiments it can be 
shown that most of, if not all, the non-medullated 
axons are of retinal origin. Simply on the basis of 
numbers they must arise for the most part from 
ganglion cells 7-10u in diameter present in the retina. 
Due to their small size, cells like these have been 
usually considered as glia*; but that they really are 
ganglion cells can be shown in retinas stained with 
methylene blue. There the axons and dendrites 
are revealed. Counts in three eyes of Rana pipiens 
show about 440,000 of these small ganglion cells in 
tach retina. Larger ganglion cells, mostly 14-20u 
in body diameter, number about 12,000; they most 
probably give rise to the larger myelinated axons. In 
any event, the partition of small and large ganglion 
cells in the retina follows that of myelinated and 
unmyelinated axons in the nerve. In these counts 
I used the Abercrombie method for counting nuclei 
Mm microtome sections; 10 per cent of the total 
Population of ganglion cells was actually counted. 
The discrepancy in the number of axons in the nerve 
and ganglion cells in the retina is at least partly due 
to the presence of myelinated efferent fibres*, and 
may also be due partly to the existence of unmye- 
linated efferent axons. 

_ The results presented here show that nerve fibres 
m the optic nerve of Anurans cannot be accurately 
counted under the light microscope, and that electron 
microscopy is required to reveal fully the unmye- 
linated axons. A similar revision may be needed in 
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the estimates of fibres and retinal ganglion cells in 
the visual system of other vertebrates. 
H. R. Matrorana* 
Harvard University, 
Cambridge, Mass. Feb. 25. 


* Present address: Research Laboratory of Electronics, Mass- 
achusetts Institute of Technology, Cambridge, " 


1 Bruesh, S. R., and Arey, L. B., J. Comp. Neurol., 77, 631 (1942). 
? Maturana, H. R., Ph.D. thesis, Harvard University (1958). 

* Arey, L. B., and Gore, M., J. Comp. Neurol., 77, 609 (1942). 

* Abercrombie, M., Anat. Rec., 94, 239 (1946). 

5 Maturana, H. R., J. Anat. (Lond.), 92, 21 (1958). 


Metacercaria (Allocreadioidea) in the 
Planktonic Ctenophore, Pleurobrachia 
globosa Moser 1903, from the Madras Coast 


Various marine invertebrates have been known 
to harbour cercarize or metacercarie of trematodes 
of fishes. Late cercariz of Opechona (=Pharyngora) 
bacillaris were found in medusz of Obelia sp., Cosmetira 
pilosella, Turris pileata and Phialidium hemisphericum, 
as well as in the ctenophore Pleurobrachia pileus, by 
Lebour! at Plymouth, and by Stunkard? (from the 
ctenophore only) at Roscoff, Finisterre. After a long 
interval, Franc® described the same metacercaria 
from Phialidium hemisphericum and Pleurobrachia 
pileus in France. There appears to be no other 
report of larval trematodes from ctenophores, 
although many other marine invertebrates, such as 
meduse, siphonophores, copepods and chetognaths, 
have been described as their natural hosts by Poche‘, 
Martin®, Dollfus, Anantaraman and Nair*, and Dawes’. 

In the present communication, metacercariz are 
reported from Pleurobrachia globosa collected from 
Madras inshore plankton. The rate of infection was 
1-3 parasites in each of 8 of the 14 ctenophores 
examined. They were in an un-encysted condition 
and moved actively with the aid of the suckers 
when liberated from the gastric cavity of the hosts. 
Camera lucida drawings of a specimen in a con- 
tracted and an extended state were made (Fig. 14 
and 8B). 


(A) 
Fig. 1. Metacercaria from Pleurobrachia globosa: A, contracted ; 
B, extended. Key: ezc.c., excretory canal; gl., reneracly int., 
intestine ; 0.s., oral sucker; ph., pharynx; ».8p., pigment spot ; 
v.s., ventral sucker 
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The larva is identified as a metacercaria, as it has 
no caudal appendage and reflects the adult condition 
except for the genitalia. The body is elongate, 
0-390 mm. x 0-111 mm., broader in the anterior 
region, and covered with a thick non-spinous cuticle. 
The oral sucker is conspicuous and large, 0-058 mm. 
in diameter. The mouth leads to a muscular pharynx, 
0-039 mm. x 0-020 mm., situated immediately be- 
hind the oral sucker, a pre-pharynx being practically 
absent. The short oesophagus bifurcates into the 
intestinal crura, which are broader than the ceso- 
phagus itself, and extend posteriorwards up to three- 
quarters of the length of the body. The ventral 
sucker is also circular, 0-039 mm. in diameter, and 
therefore smaller than the oral sucker. It is situated 
about the middle of the body behind the region 
where the csophagus forks. Bundles of gland cells 
are present on the sides in the anterior region. There 
is a pair of faintly staining pigment spots, one on 
each side of the pharynx. The lateral excretory 
canals are very prominent, only slightly wavy, and 
are filled with large globules. They are continuous 
at the posterior end and open out through a short 
median stem. They become gradually narrower as 
they go forward and turn back in the cesophageal 
region. There is no distinct structure as an.excretory 
bladder, and the excretory system therefore appears 
as an extended V with an insignificant median duct. 

This metacercaria needs to be compared with the 
only one known from a ctenophore, namely, that of 
the Allocreadiid Opechona bacillaris described by 
Lebour', Stunkard? and Franc*. It differs from it 
in having wide lateral excretory canals forming a 
V-shaped pattern, glandular structures associated 
with the oral sucker and no pre-pharynx. Assuming 
that this metacercaria is also derived from a 
trichocercous cercaria, it should be considered as 
belonging to the ocellate group of marine trichocercous 
cercarie, classified by Dollfus* together with that 
of Opechona bacillaris and others enumerated by 
Dawes*. Its adult may therefore be a trematode 
similar to the genus Opechona and parasitic in fish 
hosts which ingest ctenophores. 

La Rue” has formulated a new system of classifica- 
tion of the Digenea on the basis of life-cycle patterns 
and larval morphology, providing a key to all the 
families. This approach will be of immense value 
in identifying larval trematodes the adults of which 
have not been related to them, and in solving the 
life-cycles of many of them. The present meta- 
cercaria falls under the super-family Allocreadioidea 
Nicoll 1934, as an ophthalmotrichocercous kind, and 
may belong to one of the seven families listed under 
it, namely, Acanthocolpidae Luhe 1909, Allocreadiidae 
Stossich 1903, Lepocreadiidae Nicoll 1934, Mega- 
peridae Manter 1934, Monorchidae Odhner 1911, 
Opecoelidae Ozaki 1925 and Opistholebitidae Fukui 
1929—most probably Allocreadiidae. Three hosts are 
usually involved in the life-cycle of the representa- 
tives of these families, and in the present case they 
could be the gastropod (or lamellibranch), the cteno- 
phore (or medusa, copepod, or Sagitta), and the fish. 

Pelagic organisms serve as food for marine verte- 
brates and should accordingly be expected to carry 
the larval stages of helminths developing to maturity 
in the latter. The examination of other representa- 
tives of the planktonic biota in the coast of Madras 
is being continued in the hope of discovering more of 
these larval helminths. 

I gratefully acknowledge the guidance of Prof. C. P. 
Gnanamuthu in this investigation, which was begun 
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during the tenure of a Government of India senior 
scholarship. 
Srra ANANTARAMAN 

University Zoology Laboratory, 

Chepauk, Madras 5. 
1 Lebour, M. V., J. Mar. Biol. Assoc., U.K.,11, 57 (1916-18). 
* Stunkard, H. W., Parasit., 24, 321 (1932). 
* Franc, A., Bull. Lab. Marit. Dinard, 34, 25 (1951). 
* Poche, F., Zool. Anz., 38, 369 (1911). 
* Martin, W. E., Trans. Amer. Micr. Soc., 64, 203 (1945). 
* Dollfus, R. Ph., Anantaraman, M.,and Nair, R. V., Ann. de Parasit, 
29, 521 (1954). 
7 Dawes, B., Nature, 182, 960 (1958). 
* Dollifus, R. Ph., Trav. Stat. Zool. Wimereuz, 9, 43 (1925). 
* Dawes, B., “The Trematoda” (Camb. Univ. Press, 1946). 
1° La Rue, G. R., Exp. Parasit., 6, 306 (1957). 


An Albino Specimen of the Common 
Frog 


On February 22, Mr. L. Gentry, of Blacksmith 
Hill, Sanderstead, Surrey, found an albino specimen 
of the common frog (Rana temporaria) in his garden. 
He presented the frog to this Museum, and it is now 
living in the Aquarium. 

The frog is a male with the back and legs an 
evenly coloured yellow and the ventral surface a 
whiter tone. The thumb pads are a dark brown and 
the eyes a bright red. 

It is hoped that this frog will breed with normal 
females, and various workers have agreed to hatch 
the spawn and rear the frogs with the view of trying 
to establish an albino strain. 

G. E. Witiiams 
The Horniman Museum and Library, 
London Road, 
Forest Hill, §.E.23. 


Influence of Temperature on the Number 
of Vertebrz in Fish 


THE number of vertebre in fish is considered to 
vary with temperature during early development. 
From field observations, it is generally considered 
that fish subjected to low temperature tend to have 
more vertebre than those in warmer waters. This 
was supported by the experiments of Gabriel! on 
Fundulus heteroclitus, of Dannevig? on Pleuronectes 
platessa, and of Kubo and Kobayashi*® on Oncorhyn- 
chus keta. On the other hand, Taning* showed that 
the lowest average number of vertebrae was obtained 
at an intermediate temperature, while both higher 
and lower temperatures produced a higher average in 
his experiment on Salmo trutta trutta. A similar result 
was obtained by Lindsey’s® experiments on Macro- 
podus opercularis. Thus the results of experimental 
studies are not consistent. 

I reared eggs at different constant temperatures 
throughout the sensitive period from one pair of 
snake-head fish Channa argus (Cantor), and examined 
the vertebral number of the young fish of each group. 
The experiment was repeated three times using three 
different pairs. The results are given in Table 1. 

From the results, it may be concluded that: a0 
intermediate temperature produces a lower average 
number of vertebre than either high or low tempera 
ture in Channa argus ; genetic factors seem to have 
more effect on the number of vertebra than environ- 
mental ones. The first conclusion does not coincide 
with the generally accepted view mentioned above, 
but coincides with the results of Taning’s 
Lindsey’s experiments. 
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oo ae j 
Number of vertebrae 


Average num- 
Total number of ber of i 





ri- | Raised at (° C.) 
| 57 ~—s«5B8 59 60 61 


62 fish examined vertebrae 





29°5 247 «86372 21 
22-5 222 208 13 
19 ‘5-22 5* 144 266 48 


57 63 
454 57-49 
462 57°77 


645 








29°5 15 64 
26-1t 1 11 
25-0 44 8 
22 °5 40 83 
50 125 
19 61 





20-0 
19°5 


85 "57-86 
15 | 57-78 





P< 0-001 
P < 0:001 











05<P<07 


wre 0-001 < P< 0-01 


58-80 


57°67 
57°74 

106 
1,146 





29-0 
25-0 
| 22°5 


35 6559 
1 16 





5 309 4 
7 


| 
| 
| 
| 


P < 0:001 


58-33 
i} P < 0-001 


59-39 





56 57-07 
| 127 

| 

| 


931 
2 518 





* This group was raised at 19-5° C. during the embryonic stage and then was transferred to 22-5° C. 
+ This group was raised in an ordinary room the temperature of which was not controlled. The average temperature of the room during 


the sensitive period was 26-1° C. 


Details of this work will be published in the 
Bulletin of the Japanese Society of Scientific Fisheries. 
Iam grateful to Prof. Tamotsu Tamura for his advice. 

Yasvo IrazawA 
Fisheries Institute, 
Faculty of Agriculture, 
Nagoya University, 
Anzyo, Aiti Prefecture, 
Japan. March 5. 
‘Gabriel, M. L., J. Exp. Zool., 95, 105 (1944). 
‘Dannevig, A., Rep. Norw. Fish. Mar. Invest., 9, 3 (1950). 
ber and Kobayashi, T., Bull. Jap. Soc. Sci. Fish., 19, 297 
‘Taning, A. V., Biol. Rev. (Camb.), 27, 169 (1952). 
‘Lindsey, C. C., Can. J. Zool., 32, 87 (1954). 


Vibrio spp. in Finnock from the 
Aberdeenshire Dee 


In August 1958 reports of dead finnock (young 
sea trout) were received from the fishermen operating 
sweep nets near the mouth of the River Dee. These 
fish were reported either to look quite healthy or 
to have some hemorrhagic marks on the belly. A 
number of these fish were examined and the same 
organism was isolated, from all, in almost pure 
culture, on both nutrient agar and a sea-water agar. 
This organism has now been studied morphologically 
and biochemically and the results obtained indicate 
that it is a species of Vibrio. 

Finnock from another river where there had been 
n0 noticeable mortality were inoculated with this 
organism. When the inoculation was intraperitoneal 
the fish died within six days when kept in fresh 
water. They showed no outward sign of disease, but 
yielded pure cultures ‘of the organism from all the 
organs. 

With subcutaneous inoculation the fish again died, 
within 48 hr., and the muscle around the site of the 
inoculation became hemorrhagic, as in the specimens 
from the Dee, although this hemorrhagic area did 
not show through the skin. Again pure cultures of 
the organism were obtained from the organs and the 
muscle. Although uninoculated finnock from the 
same source kept in fresh-water for four days and 
then in 50 per cent sea water for four days (to elim- 
inate fungus) died due to a failure of the air supply, 
none of these yielded the Vibrio. The organism was 


found to grow more vigorously in sea-water media, 
so these fish can be considered as the controls. 

A similar outbreak appears to have occurred in 
the Dee in 1957 when, unfortunately, only one fish 
was received for examination from a number reported 
dead. Similar organisms were isolated from this fish 
as also from an isolated finnock found dead in the 
Dee in 1954. 

These outbreaks among finnock seem to be similar 
to those reported by Hoshina! in rainbow trout in 
Japan, where the infection was attributed to V. 
piscium var. japonicus. The latter is similar to the 
organism isolated from finnock. This disease may 
also occur in marine fish as Hotchkiss (personal 
communication) has found a similar organism which 
caused the death of many saithe near Shetland in 
1949. The fact that Vibrio can infect both fresh- 
water and salt-water species is borne out by a 
summary of Vibrio species infections published 
recently by Rucker?. 

A fuller account of these investigations will be 
published elsewhere. 

IsaBEL W. SMITH 

Scottish Home Department, 

Marine Laboratory, 
Victoria Road, 

Torry, Aberdeen. March 9. 

1 Hoshina, T., J. Tokyo Univ. Fish., 48, 59 (1957). 
* Rucker, R., Prog. Fish. Cult., 21, 22 (1959). 


Marginal Growth of Leaves 


RECENTLY the marginal meristem of foliage leaves 
has been discussed by Pray! for monocotyledons and 
by me? for dicotyledons. 

In dicotyledonous foliage leaves marginal and 
submarginal types of marginal growth can be 
recognized depending on the origin of the procam- 
bium*. The latter type may be subdivided into the 
adaxial (Fig. 1D), abaxial (Fig. 1#) and middle 
(Fig. LF’) types. In certain instances an intermediate 
condition between two types has been observed*. 
Except for some variegated leaves**, Daphne odora 
is the only dicotyledon showing the marginal type of 
growth in its foliage leaves**, development proceeding 
according to the pattern shown in Fig. 1C. Recent 
observations indicate that Daphne pseudo-mezereum 
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Fig. 1. Diagrams showing variations in activity of the marginal 

meristem of the leaf. The adaxial side is shown in the upper side 

of the figure. Stippled part is the procambium. A-C, marginal 

type; D-—F, submarginal type M, marginal initial; S, sub- 
marginal initial 


also shows a marginal type of development but 
follows the pattern shown in Fig. 1A. 

I considered that the types of development recog- 
nized for dicotyledonous foliage leaves could also be 
applied to other categories such as scale leaves and 
monocotyledonous leaves which show marginal 
growth*. Observations of the scale leaf of Rhodo- 
dendron nipponicum showed the marginal type of 
growth indicated in Fig. 1A. Foster’ also reported 
the marginal type of development in the scale leaf 
of Rhododendron. Pray' did not see evidence of active 
periclinal divisions of marginal initials or protodermal 
cells in the leaf of Philodendron, which is classified as 
the type shown in Fig. 1£. However, Pray did find 
possible evidence of a periclinal division of a marg- 
inal initial, suggesting that this instance might 
possibly be classified as the type shown in Fig. 1B. 
Pray also described leaf development in Hosta where 
the pattern was that illustrated in Fig. 1C. 

Thus, the subdivisions recognized in the sub- 
marginal type (Fig. 1D-F) may also be recognized 
in the marginal type (Fig. 1A—C). In many instances 
a fixed and unchangeable type of marginal growth 
during leaf development cannot be recognized in 
individual species ; but it would appear that the type 
of marginal growth is diagnostic for each species if 
characteristic fluctuations in the ontogenetic process 
in general are considered. 

I investigated phylogenetic correlations between 
the various types of marginal growth in one group— 
the Ericaceae and their allies*. Recently, how- 
ever, variations in marginal growth have been 
reported for dicotyledons, monocotyledons and gym- 
nosperms?-*.*-!°_ Interpretations of the relationships 
between the types in these groups will depend on 
more comprehensive investigations, both ontogene- 
tically and phylogenetically, in seed plants or in 
vascular plants in general, including the ferns. The 
relationship between the marginal and submarginal 
types is particularly interesting. There may be direct 
correlations between the patterns seen in Fig. 14 
and D, B and E and C and F. Possible evidence of 
this relationship is seen in Rhododendron. The scale 
leaf of R. nipponicum follows the pattern shown in 
Fig. 14 in its development; but other species of 
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Rhododendron examined by me, and the Ericaceae jy 
general, follow the pattern in Fig. 1D. Also the leaf 
of Philodendron suggests a pattern which is interpreted 
as being intermediate between that shown in Fig. 
1B and that in Fig. LZ. 

I wish to acknowledge my indebtedness to Dr. B. F, 
Palser, University of Chicago, for kindly going 
through this manuscript. 

Nosorvu Hara 
Botanical Laboratory, 
Faculty of Science, 
Ochanomizu University, 
Tokyo. Feb. 17. 

1 Pray, T. R., Phytomorph., 7, 381 (1957). 
* Hara, N., Bot. Mag. (Tokyo), 70, 108 (1957). 
* Hara, N., J. Fae. Sci. Univ, Tokyo, Botany (in the press). 
* Renner, O., Flora, 180, 454 (1936). 
* Renner, O., and Voss, M., Flora, 185, 356 (1942). 
* Troll, W., and Weber, H., Fortschr., Bot., 20, 10 (1958). 
7 Foster, A. S., Amer. J. Bot., 24, 304 (1937). 
* Gifford, jun., E. M., Amer. J. Bot., 38, 93 (1951). 
* Sacher, J. A., Amer. J. Bot., 42, 82 (1955). 
1° Mericle, L. W., Amer. J. Bot., 37, 100 (1950). 


Regulation of Morphogenesis in an 
Oleaceous Tree, Nyctanthes arbor-tristis 


THE pioneers of biometry published many figures 
on the variation in flowers of numbers of petals, 
sepals, stigmatic bands, and so on. As they worked 
on herbs, they counted small numbers, and though 
they found differences in the means of different 
plants, were unable to compare the variances, either 
between plants or between the same plant at different 
times. Nyctanthes arbor-tristis Linn. (Oleaceae) sheds 
up to 1,492 flowers nightly, and up to 32,790 ina 
season, normally from September to early January 
in Calcutta. 

Three trees of this species were observed throughout 
the season 1955-56 (ref. 1), and seventeen for 
seven weeks in 1957. Table 1 gives the grand total. 
Table 1. OVERALL FREQUENCY DISTRIBUTION OF FLOWERS (FOR 


THREE TREES IN 1955-56 AND SEVENTEEN TREES IN 1957) ACCORDING 
TO NUMBER OF PETALS 
15 Total 


No. of petals 
No. of flowers 

It will be seen that most flowers (68-8 per cent) 
had six petals. In 1957 the means for the seventeen 
trees ranged from 5-50 + 0-0081 to 6-27 + 0-0088. 
Most means differed significantly from all others. 
The means for three trees measured in successive 
years were 5:92, 5-89; 6-05, 6:09; and 5-98, 6-01. 
The differences were significant but small. 

Fig. 1 shows the changes in the means for thre 
trees during a season. In order to obtain a moderately 
smooth graph I took moving means over five con- 
secutive days. It will be seen that for each tree the 
mean fell and then rose again. 

The standard deviations also differed in the different 
trees, ranging from 0-5108 + 0-0052 to 0-6605 + 
0-0069. Again many differences were highly sig- 
nificant. As, however, the usual test of significance 
for the difference of two variances is only valid whet 
the distributions are normal, and the fourth moments 
are not very well determined, I tested the percentages 
of abnormality, that is to say, the percentages of 
flowers with a number of petals other than 5% 
These often differed very significantly even when the 
means did not. The standard deviations inc 
systematically through a season as shown in Fig. 
though for one of the trees they dropped on tw? 
occasions. The changes in means and _ standard 
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Fig. 1. Moving means of petal numbers over five —— days for three trees during the season 1955-56. 


, Tree No. 1; —-—-, tree No. 2; 


deviations alike are about 0-1—0-2. The point is that 
the means changed by about 2-4 per cent, and the 
standard deviations by 20-40 per cent or so. 

If a craftsman produced articles with much the 
same mean dimensions in the course of a day’s work, 
but their variance around this mean increased progres- 
sively, we should say that he was getting fatigued. 
It might be possible to trace this fatigue to a decline 
in the efficiency of ‘negative feedback’. It is not so 
easy to apply this notion to a plant. The weather 


became progressively cooler during the flowering 
season, and the increased variance might be ascribed 
to this. However, I have observed the same increase 
in variance of petal number during the flowering 
season in two plants of each of Jasminum pubescens 


var. alba and Jasminum pubescens var. rubescens, 
although in these cases the temperature was rising. 
The closest analogy known to me is the case of perni- 
cious anemia inman. Here Price-Jones* showed that 
the mean diameters of red blood corpuscle increased 
moderately, but the standard deviation increased 
much more. Such words as regulation and homeo- 
stasis are applied to the processes by which such 
variables as body-temperature and blood glucose- 
level are kept relatively steady.. Here we can measure 
the efficiency of regulation by the reciprocal of the 
variance in a set of successive values, and the regula- 
tion can be shown to depend on a negative feedback 
system. It may not be so easy to apply this notion 
to the standardization of a set of simultaneous 
performances. 


0:70 7 


0-65 4 


Standard deviations 








Periods 


Fig. 2. Standard deviations for seven consecutive periods of 
nm days each for three trees during the season 1955-56 
——, Tree No.1; -—-—-, tree No. 2; No. 3 


ooo... , tree No. $ 


Whatever the nature of the regulatory process, its 
efficiency can be measured. I suggest that the 
variance of a metrical character may be as important 
a@ property of an organism as its mean, and should 
be measured on a number of species. This is being 
done at this Institute, but I hope that similar work 
may be undertaken outside India. A _ detailed 
account of the work described here will be published 
elsewhere. 

I wish to thank Prof. J. B. 8. Haldane for help 
both with the practical and theoretical investigations. 

SusopH Kumar Roy 
Biometric Research Unit, 
Indian Statistical Institute, 
Calcutta-35. 
Feb. 26. 
1 Roy, 8. K., Curr. Sci., 27, 134 1958). 
* Price-Jones, C., J. Path. Bact., 32, 479 (1929). 


BACTERIOLOGY 


Reclassification of Leuconostec 
mesenteroides P.60 as a Pediococcus 


For some time it has been known that the organism 
widely used for the assay of amino-acids and called 
Leuconostoc mesenteroides P.60 is not in fact 
a Iueuconostoc. McCleskey! examined P.60 and 
suggested that it might be Streptococcus equinus. 
However, the culture was atypical mainly because 
it produced ammonia and carbon dioxide from 
peptone. McCleskey suggested that the culture 
should be known as Streptococcus spp. 

A strain of P.60 obtained from the National 
Collection of Industrial Bacteria, at Teddington, 
NCIB 8081, has been examined and found to have 
many features in common with ATCC 8081, and 
other strains of Pediococcus cerevisiae*?. The com- 
parison is given in Table 1. 

Pediococci have only recently become recognized 
as a widely distributed genus, mainly because of the 
difficulty in separating them from other genera. 
However, P.60 possesses the essential characters of a 
Pediococcus. Morphologically it is a Gram-positive 
coccus occurring in pairs and tetrads, and can be 
separated from the morphologically similar aerobic 
Micrococcaceae by the type of growth produced on 
agar and because carbohydrate is required for growth. 
Unless catalase is demonstrated to be present in the 
Pediococci, the distinction between the Streptococci 
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Table 1. A COMPARISON OF Pediococcus cerevisiae ATCC 8081 AND 
Pediococcus (Leuconostoc mesenteroides) P.60 


Similarities 
Morphology Gram + coccus in pairs and tetrads 
pit ad of owthon Small round — colonies similar to 
ucose agar those produced by streptococci 
crow on nutrient 
Very slight 
Litmus milk = 
Hydrolysis of oe + 
Growth at pH 9 _ 


Growth at pH 4-8 
Acid produced from 


No acid from 


Pe AO fructose, glucose, galactose, mannose, 
cellobiose, trehalose, salicin, aesculin 
lactose, sucrose, dextrin, mannitol 


Dissimilarities 
ATCC 8081 P.60 
Catalase _ 
Folinic acid required not required 
Acid from: xylose - + 
maltose + - 
glycerol + - 


and the Pediococci rests on morphology. Gutekunst 
et al. have shown that the production of catalase 
in the Pediococci may depend on the conditions of 
growth, and even when present may be difficult to 
demonstrate. P.60 has not been shown to produce 
catalase, and hence the confusion with the Streptococci. 
The lack of catalase does not exclude the culture 
from the genus Pediococcus. 

Felton and Niven‘ examined several strains of 
Pediococcus cerevisiae and found that they all required 
folinic acid for growth, and they suggested that the 
need for folinic acid might be a “‘unique characteristic” 
required by the genus as a whole. Giinther® has 
found that five out of thirteen strains belonging to 
Pediococcus cerevisiae do not require folinic acid. 

It was intended to compare P.60 with authentic 
strains of Streptococcus equinus; but attempts to 
obtain these cultures from world sources resulted in 
three cultures being received, each one different from 
the other. However, several other strains of Pedio- 
coccus cerevisiae have been examined, and it is now 
concluded that P.60 belongs to the same genus, and is 
not a Streptococcus. Giinther’ has confirmed the 
observations, and has placed P.60 with her group J, 
that is, Pediococcus cerevisiae. 

Ewen I. GARVIE 
National Institute for Research in Dairying, 
University of Reading. Feb. 26. 
1 McCleskey, C. S., J. Bact,, 64, 140 (1952). 
* Nat. Inst. Res. Dairying, Ann. Rep. (1957). 


* Gutekunst, R. R., Delwiche, E. A., and Seeley, H. W., J. Bact., 
74, 693 (1957). 
*Felton, E. A., and Niven, C. F., J. Bact., 65, 482 (1953). 


* Ginther, H. L. I. G., Ph.D. thesis, London University (1958). 


Uronate Oxidation by Phytopathogenic 
Pseudomonads 

THE pathway by which p-galacturonic and 
D-glucuronic acids are utilized by phytopathogenic 
Pseudomonas species is apparently quite different 
from the uronic isomerase—keturonic reductase system 
found in three genera of the Enterobacteriaceae!-5. 
In this new pathway of uronic acid catabolism, mucic 
acid has been isolated and identified as the initial 
product following the enzymatic oxidation of 
D-galacturonic acid; glucaric acid is presumably 
formed from p-glucuronic acid. 

Cell-free extracts prepared from galacturonate- or 
glucuronate-grown Pseudomonas syringae and other 
phytopathogenic pseudomonads contain an enzyme 
which catalyses the rapid oxidation of either p-galact- 
urcnate or D-glucuronate with DPN+ but not TPN-. 
This enzyme, named uronic acid dehydrogenase, has 
been purified several-fold by ammonium sulphate 
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precipitation, followed by DEAE cellulose column 
chromatography. Failure to find separate dehydro. 
genases, or to show differential activity upon either 
substrate during the several steps of purification, 
suggests that the same enzyme may catalyse the 
oxidation of both uronates. The purified enzyme 
does not act upon glucose, galactose, L-iduronate, or 
D-mannuronate, with either DPN+ or TPN-. Uronie 
dehydrogenase activity was found in extracts pre. 
pared from mucate- and glucarate-grown cells, but 
no detectable quantity of this enzyme was evident 
in extracts prepared from cells grown with glucose, 
Neither uronic isomerase nor keturonic reductase 
activity was detected in preparations from uronate. 
grown P. syringae. 

The end-products formed upon the enzymatic 
oxidation of either p-galacturonate or D-glucuronate 
are non-reducing, lactonizing acids. Several mgm. of 
the oxidation product formed from pD-galacturonate 
were prepared by coupling the Pseudomonas system 
with Azotobacter-reduced diphosphopyridine nucleo- 
tide-oxidase and oxygen. After deproteinizing and 
condensing the reaction mixture, a very insoluble 
white crystalline precipitate was obtained. Upon 
recrystallization from hot water, this substance had 
a melting point identical with that of authentic mucic 
acid ; no depression of melting point was observed 
when the two compounds were mixed. 

The stoichiometric picture supports our belief that 
P. syringae converts galacturonate plus DPN* to 
mucate plus reduced diphosphopyridine nucleotide ; 
0-238 umole of the latter appeared in a system 
originally containing 0-236 umole galacturonate- 
(Fig. 1). Furthermore, whole cells of galacturonate- 
grown, but not glucose-grown, P. syringae are 
sequentially induced to the oxidation of mucate. 

Enzymatic attack on glucuronate similarly yields 
an equimolar quantity of reduced diphosphopyridine 
nucleotide (0-215 umole from 0-214 umole glucuron- 
ate; Fig. 1). Glucuronate-grown, but not glucose- 
grown, whole cells are simultaneously adapted to the 
oxidation of glucaric acid. Unequivocal identification 
of the end-product, presumably glucaric acid, is 
at present under investigation, as are the steps 
beyond the sugar dicarboxylic acids in this new 
pathway of uronic acid metabolism. 
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Fig. 1. The oxidation of p-galacturonate and p-glucuronate 


with DPN* and purified uronic acid dehydrogenase from Pseudo- 

monas syringae. Cuvette contents were: substrate (O—O, 

0-236 umole galacturonate; @—@®@, 0-214 umole ge Et 
A—A, none); 100 umoles tris-hydrogen chloride buffer. pu 7° 
~~ 6 umole DPN? ; ; and 9-1 ml. enzyme; final volume, 3-0 i 
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Oxidation of Thiosulphate by Thiobacillus 
thioparus 


PREVIOUS investigations of the oxidation of 
thiosulphate by the autotrophic micro-organism 
Thiobacillus thioparus have not led to uniform results. 
According to Starkey', thiosulphate is oxidized 
directly to sulphur and sulphate, and Parker and 
Prisk? have also come to a similar conclusion. On 
the other hand, Vishniac claims that the oxidation 
of thiosulphate by Th. thioparus occurs in two stages : 
the first is the complete oxidation of the substrate 
to tetrathionate and the second the oxidation of 
the tetrathionate*®. The results of Pratt’s investiga- 
tions‘ also suggest the possibility of the appearance 
of tetrathionate during the oxidation of thiosulphate 
by Th. thioparus. Pratt showed that in the medium 
in which Th. thioparus was growing there was an 
accumulation of some substance, presumably tetra- 
thionate, giving a positive Folin—Ciocalteu reaction. 

Our previous investigations, based on the applica- 
tion of thiosulphate labelled with radioactive sulphur‘®, 
argue against the hypothesis which assumes tetra- 
thionate to be an intermediate substance in the 
oxidation of thiosulphate by this micro-organism. 
The application of a very sensitive chromatographic 
method for the separation of inorganic sulphur com- 
pounds has now enabled us to collect some new facts 
contradicting Vishniac’s hypothesis. 

The strain of Th. thioparus which we have isolated 
corresponds in its biological and morphological char- 
acters to the micro-organism described by Natanson‘® 
and Starkey!. It was cultured in the medium pre- 
viously described’. The centrifuged culture medium 
was subjected to chromatographic analysis, using 
Whatman No. 1 filter paper and solvent recom- 
mended by Stelmasézynska® (acetone/n-butanol-I/ 
water, 2:2:1). The chromatograms obtained were 
stained in darkness with 0:1 N silver nitrate and 
then washed in water, a solution of ammonia and 
water again. 

In Fig. la is seen a chromatogram on which the 
distribution of thiosulphate and four polythionates 
is marked. Fig. 1b reproduces the chromatogram 
obtained from bacterial medium in which 50 per cent 
of the initial quantity of thiosulphate has been con- 
sumed. In this chromatogram only one spot corre- 
sponding to thiosulphate is visible. Similarly, the 
chromatograms of the medium taken after the con- 
sumption of 25 per cent of thiosulphate exhibited 
only a single spot corresponding to thiosulphate. 
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Fig. 1. Ascending chromatograms of thiosulphate and polythion- 
ate (a); of the reaction products between these substances (e, d, 
e); and of the medium in which 7h. thioparus was cultured (b) 


Our further experiments show that when tetra- 
thionate appears in the solution besides thiosulphate, 
a series of spontaneous secondary reactions occur 
leading to the appearance of other polythionates. 
A mixture of equimolar (0-25 M) solutions of thio- 
sulphate and tetrathionate, when subjected to 
chromatographic analysis, shows spots corresponding 
to trithionate, tetrathionate, pentathionate, hexa- 
thionate and probably heptathionate (Fig. lc). If 
solutions of thiosulphate and tetrathionate are mixed 
with simultaneous addition of formaldehyde, there is 
an absence of trithionate in the products of the 
spontaneously proceeding reactions (Fig. ld). We 
explain the appearance of polythionates under the 
conditions just described by the following reactions, 
the last of which is inhibited by formaldehyde : 


-S—SO,- + -0,S—S—S—SO,- — 
-0,S—S-—S—S-—-SO,- + SO,= 


-S—SO,- + -0,S—S—S--S—SO,- — 
-0,S--S—S-—S—S—SO,- + SO,= 


SO,- + -0,S—-S—S—SO,- > 
-0,S—S—SO,- + -S—SO,- 


If, therefore, tetrathionate were to appear in the 
course of the oxidation of thiosulphate, we should 
expect to see, on the chromatograms of the medium, 
spots corresponding not only to this substrate but 
also to the other polythionates. As was previously 
stated, we have not seen this. 

Of course, the objection may be raised that in the 
culture tetrathionate appears slowly, and that on 
account of this there occur conditions differing from 
those which arise after a rapid mixing of equimolar 
quantities of thiosulphate and tetrathionate. Wishing 
to decide this possibility, we carried out model experi- 
ments in which the tetrathionate solution was placed 
in a dialysing bag in a thiosulphate solution. The 
concentration of both solutions would finally 
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correspond to that which would be found in the 
thiosulphate solution after the oxidation of 25 per 
cent of this substance to tetrathionate. Chromato- 
graphic analysis of the external and internal fluid 
taken after the experiment had lasted for 16 hr. at 
32°C. showed distinct spots of thiosulphate, tri- 
thionate, tetrathionate and pentathionate (Fig. le). 
These results, in agreement with our former findings, 
lead to the conclusion that the oxidation of thio- 
sulphate by Th. thioparus does not pass through the 
intermediate stage of tetrathionate. 
BoLestaw SKARZYNSKI 
TapeEusz W. SzcozEPKOWSKI 
Department of Physiological Chemistry, 
Academy of Medicine, 
Cracow. 
Feb. 22. 

1 Starkey, R. L., J. Gen. Physiol., 18, 325 (1935). 
? Parker, C. D., and Prisk, J., J. Gen. Microbiol., 8, 344 (1953). 
® Vishniac, W., J. Bact., 64, 363 (1952). 
“Pratt, D. P., Nature, 181, 1075 (1958). 
® Skarzynski, B., Ostrowski, W., Krawezyk, A., Bull. de l’ Acad. Pol- 

onaise de Science, Cl. Il, 5, 159 (1957). Ostrowski, W., and 

Krawezyk, A., Acta Biochimica Polonica, 4,249 (1957). Skarzyiski, 

B., and Ostrowski, W., Nature, 182, 933 (1958). Ostrowski, W., 

5 fen B., and Szezepkowski, T. W., Nukleonika, 3, 85 
* Natanson, A., Mitt. Zool. Stat. Neapel., 15, 665 (1902). 
? Szezepkowski, T. W., and Skarzyfiski, B., Acta Microbiologica 

Polonica, 1, 93 (1952). 
* Stelmaszynska, T. (unpublished work). 


SOIL SCIENCE 


Release of Fixed Ammonium from 
Soil by Ball Milling 


RECENT research has shown that some soils have 
the ability to fix appreciable quantities of ammonium 
in a form not readily exchangeable with 1 N potassium 
chloride or available to plants and micro-organisms. 
Fixation results from a replacement by ammonium 
for interlayer cations (calcium, magnesium, sodium, 
hydrogen) in the expanded lattice of clay minerals. 
Since many soils contain the types of clay minerals 
known to fix ammonium, it may be deduced that 
they will contain fixed ammonium through the 
reaction of minerals with ammonium produced 
naturally. This deduction is supported by recent 
reports'-* that some soils contain considerable 
amounts of naturally occurring fixed ammonium. 
However, these findings require confirmation, since 
the methods employed cannot be considered entirely 
satisfactory. 

The difficulty involved in the determination of 
native fixed ammonium in soil is that of finding a 
method that will secure quantitative release of fixed 
ammonium from clay minerals without causing 
decomposition of nitrogenous soil organic matter to 
ammonium. In the work reported here, the value 
of a method based on ball milling was investigated, 
since it was considered possible that grinding of soil 
under certain conditions might destroy the crystal 
lattices of clay minerals and release fixed ammonium 
without causing serious decomposition of organic 
nitrogen compounds. Studies were conducted with 
a clay mineral (vermiculite) and several soils. The 
vermiculite, which was previously saturated with 
ammonium and contained 9-6 mgm. of fixed am- 
ronium nitrogen per gram, was ball milled both wet 
and dry. Steel jars and balls were used, since grinding 
of clay minerals with other types of jars or balls led 
to contamination of the minerals by abraded material. 





Fixed ammonium recovered (per cent) 


i ! i i 
100 200 300 400 











Time of ball milling (hr.) 


Fig. 1 


For wet ball milling, a 0-2-gm. sample was ground 
with 150 ml. of 1 N potassium chloride solution and 
10 gm. of boric acid. Boric acid was added because 
preliminary experiments showed that ball milling of 
vermiculite and other clay minerals was accompa:tied 
by a marked rise in pH, which led to the loss of 
ammonium by volatilization. The ammonium re. 
leased by grinding was determined by steam distilla- 
tion of N potassium chloride extracts of the ball- 
milled materials, using a pH 8-8 borate buffer. The 
ammonia in the distillate was determined titra- 
metrically, or colorimetrically with Nessler’s reagent. 

The release of fixed ammonium in vermiculite to 
an exchangeable form as a function of time of ball 
milling is shown in Fig. 1. It can be seen that pro- 
longed grinding was required to release the fixed 
ammonium and that quantitative recovery was not 
achieved. Dry ball milling was more effective than 
wet grinding, about 90 per cent of the fixed ammonium 
being released to an exchangeable form by dry ball 
milling for 230 hr. and by wet ball milling for 435 hr. 
Packing of unground material in the ends of the jar 
occurred in dry ball milling and this undoubtedly 
reduced the efficiency of grinding. Studies with a 
sample of vermiculite that had not been treated 
previously with ammonium showed that dry grinding 
for 290 hr. did not completely destroy its ammonium- 
fixing capacity, which indicates that either the crystal 
structure was not completely disrupted by grinding 
or that new types of ammonium-fixing minerals were 
formed. 

The ball milling of several subsoils suspected of 
containing naturally occurring fixed ammonium led 
to a progressive increase in exchangeable ammonium 
with time of ball milling. For example, with a Cisne 
silt loam subsoil, 3-2 mgm. of nitrogen per 100 gm. 
was released by grinding for 48 hr., while 5-2 mgm. 
of nitrogen .per 100 gm. was released by grinding 
for 120 hr. These results do not establish the presence 
of naturally occurring fixed ammonium in soil, since 
some of the ammonium released from the soil by 
ball milling could have come from the breakdown of 
soil organic matter. This possibility could not be 
tested directly, but experiments in which 1 gm. of 
clay-free peat soil was ball milled with 9 gm. of sand 
for periods up to 260 hr. showed that ammonia was 
produced in increasing amounts with inc 
periods of grinding. This finding must be interpreted 
with some caution, since the organic matter in peat 
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ails may be more susceptible to decomposition by 
ginding than the material in mineral soils. Never- 
theless, taken with the finding that quantitative re- 
jase of fixed ammonium from vermiculite was not 
ahieved even with long periods of grinding, this 
result indicates that methods based on ball milling 
are not likely to be of value for the determination 
of fixed ammonium in soil. 

This communication is published with the approval 
of the Director of the Illinois Agricultural Experi- 
ment Station. 


No. 4672 


P. M. McDonneELL 
F. J. STEVENSON 


Agronomy Department, 
University of Illinois, 
Urbana, Illinois. 
J. M. BREMNER 


Rothamsted Experimental Station, 
Harpenden, Herts. 
Feb. 18. 

1Bremner, J. M., J. Agric. Sci. (in the™press). 

‘Dhariwal, A. P. S., and Stevenson, F. J., Soil Sci., 86, 848 (1958). 
*Rodrigues, G., J. Soil Sci., 5, 264 (1954). 

‘Stevenson, F. J., Dhariwal, A, P. S., and Choudhri, M. B., Soil Sci., 

85, 42 (1958). 


Simultaneous Decomposition Processes 
in Soils 


Ir has been found! that following the moistening 
ofa dry soil two independent decomposition processes 
occur, namely, (1) decomposition of soluble organic 
material without nitrification and (2) decomposition 
of non-soluble organic material with nitrification. 
Both rates of decomposition fall off rapidly, with (1) 
as the soluble substrate is exhausted and with (2) as 
physical changes, among others, occur at the surface. 
These changes appear to involve organic gels the 
surface area of which is increased by drying, possibly 
as @ result of fragmentation or increased porosity. 
On first moistening, a greater surface area is exposed 
to solution processes (followed by (1)), and to decom- 
position (2) than later when, under continued moist 
conditions, reversible changes occur in the colloids 
leading to reduced surface area. Prolongation of the 
dry state, without the soil necessarily becoming drier, 
increases the magnitude of (1) and (2), which indicates 
thatageing, atypical colloidal phenomenon, isinvolved. 
Moreover, since the behaviour described under (1) 
and (2) is repetitive with successive dryings and 
rewettings the changes in the colloids must be 
reversible, indicating that elastic gels are involved. 
Further evidence for this two-process decomposi- 
tion has recently been obtained. When a dry soil was 
moistened with water, and with normal solutions of 
sodium, potassium, calcium and magnesium chlorides 
and put in the respirometer for seven days the 
following amounts of carbon and nitrogen were 
muneralized (Table 1, stage 1). 

Duplicate samples which had been through the 
same procedure as the above were then air-dried for 
‘days, remoistened with water and again put in the 
respirator for a week. The amounts of carbon and 
nitrogen mineralized during this second cycle are 
given in Table 1 (stage 2). 

A separate experiment (unpublished) showed that 
the salts depressed the solubility of the organic 
material and this is reflected in the greater amount of 
tarbon mineralized in the water-treated sample, 
Particularly during stage 1, which followed a long 
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Table 1 
(Mgm./100 gm. soil) 





Stage 2 
Nitro- | C/N 
gen 


Stage 1 


Carbon | Nitro- 
gen 


19°8 1-95 ’ 0-90 11:3 
10:2 1-18 : ‘ 1-85 5-2 
0°84 86 





Treatment 





Potassium 
chloride 9-6 1-64 
Calcium 
chloride 8-4 1-73 ; ‘ 1-80 5-0 
Magnesium 
chloride 12-0 1-69 . 8 1-67 4°7 





























period during which the soil was in an air-dry state. 
There is, however, no indication that a reduction in 
the amount of carbon mineralized has had a con- 
comitant effect in reducing nitrogen mineralization. 
If, as mentioned earlier, the two decomposition pro- 
cesses are independent, there is no reason why the 
repression of one should affect the other. This experi- 
ment therefore confirms previous experiments! in 
which it was found that when the soluble soil-organic 
material was extracted and added to both sand and 
soil media it decomposed without nitrification. 
Moreover, when the solution and decomposition of 
this soluble material is repressed, as in the above 
experiment, one gets a truer idea of the carbon/ 
nitrogen ratio of the material actually involved in 
nitrification processes which, as shown in Table 1, is 
considerably less than the generally reported value of 
about 10, which usually includes carbon mineralized 
from both nitrifying and non-nitrifying processes. 

Nitrification, on moistening a soil, occurs initially 
under favourable conditions because the surface 
area exposed to decomposition and _ nitrification 
processes is greater soon after moistening than later 
on. Further, the newly developing microbial popu- 
lation is more active. The decomposition of microbial 
remains killed by drying must also be involved. 
This combination of circumstances leads to the 
subsequent production of considerable quantities 
of mineral nitrogen sometimes equivalent to that in 
1 ton of sulphate of ammonia for an acre-6 in. of soil. 
The amount produced depends on the humus content 
of the soil and the logarithm of the time the soil was 
in an air-dry state prior to moistening. The decline 
in the rate of nitrification after moistening has been 
found to conform closely to a first-order reaction. 
Both the effect of drying on nitrification and the 
course that this afterwards follows can therefore 
now be fairly well predicted. This is important in 
relation not only to soil fertility but also to the 
effect of nitrate on other soil constituents. It may, 
for example, affect the solution of bases. 

In conclusion, it is interesting to speculate on the 
wider application of the principle involved in the 
drying effect (par. 1). It seems that further use can 
be made of a colloidal system which is reversible 
with successive wettings and dryings and which 
exposes the maximum area to solution and decom- 
position processes for only a short period after each 
wetting. 

H. F. Brrow 

East African Agriculture and 
Forestry Research Organization, 

P.O. Box 21, 
Kikuyu, 
Kenya. 
March 2. 
1 Birch, H. F., Plant and Soil (in the press). 
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FORTHCOMING EVENTS 


( Meetings marked with an asterisk * are open to the public) 


Tuesday, May 19 


UNIVERSITY OF LONDON (at the Institute of Archeology, Inner 
Circle, Regent's Park, London, N.W.1), at 6 p.m.—Prof. M. E. L. 
Mallowan : “Ancient Mesopotamian Concepts of the Animal World’”’.* 
(Third of six lectures on “Animals in Archzology’’. Further lectures 
on May 26, June 2 and 9.) 


Wednesday, May 20 


UNIVERSITY OF LONDON (at the Institute of Diseases of the Chest, 
Brompton Hospital, London, 8.W.3),at 5 p.m.—Dr. R. S. F. Schilling : 
“Recent Studies of Chronic Respiratory Disease in Cotton Workers”. 


ROYAL STaTisticaL Society (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W.C.1) 
at 5.15 p.m.—Discussion on “Simulation Studies of Industrial Opera- 
tion’. Opening Speakers: Mr. P. V. Youle, Dr. K. D. Tocher, Mr. 
W. N. Jessop and Mr. F. Musk. 


EUGENICS Soocrry (at - Royal Society, Burlington House- 
Piccadilly, London, W.1), at 5.30 p.m.—Dr. Isabella Leitch and 
Mr. Angus Thomson : “Growth, Heredity and Nutrition”’.* 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, 
Burlington House, Piccadilly, London, W.1), at 7 p.m.—Meeting on 
“The Determination of Vitamin E;a Collaborative Study of Quantite, 
tive Paper Chromatography and the Develop t of a Rec 
Method of Analysis”. 


Royal INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. M. F. Perutz, F.R.S.: “The Molecular Basis of Life’. 





Thursday, May 21 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society of London, Burlington House, Piccadilly, London, W.1), 
at 4 p.m.—Annual General Meeting. 5.15 p.m.—Dr. J. H. Watson : 
“Some Observations on Gold Refining and the Standard for Gold 
and Silver Coinage’”’. 


ROYAL SOCIETY iy Agree House, Piccadilly, London, W. 1), 
at 4.30 p.m.—Mr. Maclachlan, Prof. Helen K. Porter, F.R.S.! 
**Replacement of Oxidation by Li he ss eons Source for Glucose 
Metabolism in Tobacco Leaf” ; Revell: “The Accurate 
Estimation of Chromatid Broskage pg Its Relevance to a New 
— of Chromatid Aberrations Induced by Ionizing Radia- 

ons’ 


PayYsIcAL Society (at the ew Institution, Albemarle Street, 
haneee. W.1), at 5.45 p.m.—Mr. J. A. Ratcliffe, F.B.S.: Presidential 
dress. 


ROYAL SOOIRTY OF TaOPICAL M&DICINE AND HYGItgne (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Dr. Ivan 
Polunin : “The Muruts of North Borneo and their Declining Popula- 

on”. 


Thursday, May 21—Wednesday, May 27 
INTERNATIONAL TRANSISTOR EXAIBITION (ai Earls Court, London).* 


Friday, May 22 


LINNEAN Society OF LONDON (at East Malling Research Station, 
East Malling, Kent), at 11 a.m.—Meeting on “The Role of Plant 
Anatomy and Applied Botany”’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the nthiwiee appointments on or 
before the dates mentioned : 

LECTURER (with high academic qualifications together with research 
or industrial experience in some branch of physics) Iv Puysics—The 
Principal, Lanchester College of Technology, Butts, Coventry (May 21). 

ASSISTANT LECTURER IN GROGRAPHY, and a JUNIOR RESEARCH 
tng le IN GEoGRAPHY—The Registrar, The University, Sheffield 

ay 

HEAD (graduate of a British university) OF THE DEPARTMENT OF 
MATHEMATICS—The Clerk to the Governing Body, Battersea College 
of Technology, London, 8.W.11 (May 29). 

LECTURER or ASSISTANT LECTURER (qualified in applied mathe- 
matics) IN MATHEMATICS—The Registrar, University College of North 
Staffordshire, Keele, Staffs (May 29). 

DAIRY OFFICER (with a university degree in an agricultural science, 
preferably in dairying, or with postgraduate qualifications in dairying) 
IN THE MINISTRY OF AGRICULTURE, Federation of Rhodesia and 
lTyasaland—The Secretary (R), Rhodesia House, 429 Strand, London, 
W.C.2 (May 30). 

L&OTURER (Grade II), and an ASSISTANT LECTURER (Grade III) 
IY THE DEPARTMENT OF ZOOLOGY—The Registrar, The University, 
Bristol (May 30). 

RESEARCH ASSISTANT (graduate in chemistry or biochemistry), for 
work on urinary calculi IN THE DEPARTMENT OF VETERINARY PRE- 
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VENTIVE MEDICINE at the Veterinary Field ante in Cheshire 
Registrar, The University, Liverpool (May 3 

SENIOR LECTURER or LECTURER IN Foes at the Universi 
Otago, Dunedin, New Zealand—The Secretary, Association of U; 
sities of the British oo ee 36 Gordon Square, London, W, 
(New Zealand, May 31). 

ASSISTANT EDITOR (man or woman with a Ph.D. degree or equ 
lent research experience, and also some feeling for la ,» prey 
editorial experience not essential)—The General 
Chemical Society, Burlington House, Piccadilly, London, A 1 (June ). 

LECTURER IN MATHEMATICS, and an ASSISTANT LECTURER 

MATHEMATIOS—The Registrar, University College of Wales, Abe 
wyth (June 5). 

ASSISTANT LECTURER IN THE DEPARTMENT OF ZOOLOGY— 
Registrar, University College of Wales, Aberystwyth (June 12). 

LECTURER ON PHYSIOLOGICAL PsycHoLoGy—The Secretary at 
Faculties, University Registry, Oxford (June 15). By 

LECTURER IN PURE MATHEMATICS at the University of Sydney, 
Australia—The Seeretary, Association of Universities of the British 
—_—- 36 Gordon Square, London, W.C.1 (Aust 

une 

SENIOR LECTURER or LECTURER (with research or industrial ex.’ 
perience with servo-mechanisms or in process conte’) IN 
ENGINEERING; a LECTURER (with a thorough knowledge of the physig 
of materials and preferably research or industrial experience invol 
solid state physics) IN MATERIALS; and a LECTURER (with g 
qualifications in light current electrical engineering or in physics) 
IN ELECTRONIC ENGINEERING—The Secretary and Registrar, Univer. 
sity College of North Wales, Bangor, North Wales (June 20). 

ASSISTANT LECTURER or LECTURER IN PaILOsoPHY at the Univer- 
sity College of Ghana—The Secretary, Inter-University Council for 
Higher —- Overseas, 29 Woburn Square, London, W.C.1 
(June 25 

CHAIR OF GEOGRAPHY in the University College of Ghana—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (June 30). 

SENIOR LECTURER IN MATHEMATICS at the University of Melbourne, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, June 30), 

RESEARCH FELLOW (with M. Se. or equivalent, with special know- 
ledge and/or experience of agronomy of tropical crops) IN TROPICAL 
Crop PRODUCTION at the University College of Ghana—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (July 1). 

SENIOR LECTURER or LECTURER IN PHILOSOPHY at Canberra 
University College, Australia—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, July 4). 

LECTURER (with an honours degree or higher degree in chemical 
engineering or equivalent qualifications) IN CHEMICAL ENGINEERING 
at the University of Canterbury, Christchurch, New Zealand—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (New Zealand, August 31). 

BOTANIST (PLANT PaTaOLOGIsST) (with a good honours degree in 
botany or agricultural botany and at least two years post 
ren gg in plant pathology) IN THE DEPARTMENT OF AGRICULTURE 
Uganda, to diagnose the causes of crop diseases and reco 
control measures, and to assist with the treeding of disease resistant 
crops—The Director of Recruitment, Colonial Office, London, 8.W.1, 
quoting BCD.63/9/02. 

INSTRUCTOR or ASSISTANT PROFESSOR IN PROTOZOOLOGY—Dr. 
James R. Adams, Department of Zoology, University of British 
Columbia, Vancouver 8, Canada. 

LECTURER and a RESEARCH ASSISTANT (ACADEMIC) IN THE PHYSICS 
DEPARTMENT, to take part in research in vacuum physics and photo- 
electronics applied to astronomy, nuclear physics, etc.—Prof. J. 
McGee, Physics Department, Royal College of Science, Imperial 
Institute Road, London, 8.W.7 

RESEARCH BIOLoatsts ( 2) ‘erith a science degree with honours in 
zoology), for research in introduced wild mammals in New Zealand, 
mainly species of deer—The New Zealand Forest Service, Wellington, 
New Zealand. 

RESEARCH ENGINEERS (2) (with at least an honours degree in 
mechanical engineering, or in some other specialization covering fluid 
mechanics, and preferably with some postgraduate experience) a 
THE DEPARTMENT OF AIRCRAFT PROPULSION, for theoretical ‘ 
experimental work on the fluid mechanics of gas flow in solid roth. 
motors—The Recorder, The College of Aeronautics, Cran 
Bletchley, Bucks. 

SENIOR LECTURER IN sn egg A eee College of S. Mark 
and 8. John, Chelsea, London, S.W.1 
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